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ABSTRACT 


The growth and development of Fomes cajandert Karst. 
in nature and in culture was investigated. In the early 
stages of wood decay the hyphae are thin-walled, hyaline, 
clamped, and sparse, growing in a longitudinal direction 
in the tracheids. In the advanced stages of decay the 
hyphae are found in dense aggregations near the ray cells. 
The development of the natural basidiocarps has been 
followed from the primordium to the sporulating stage. 

The primordium consists of generative and skeletal hyphae 
growing outwards in a radial manner to form a hemispherical 
structure. In the basidiocarps the marginal region is 
composed of generative hyphae and developing pieclecat hyphae. 
The context region consists of irregularly thickened 
generative hyphae and fully developed skeletal hyphae. The 
differentiated generative hyphae are found in "islands" 

among the parallel aligned skeletal hyphae. The dissepi- 
ments are formed by the downward growth of interwoven 
generative and skeletal hyphae. 

Three types of hyphae were consistently found in agar, 
stilie(liquid), andé wood—block culture. They are the thin- 
walled, nodose-septate hyphae, the irregularly thickened, 
nodose-septate hyphae, and the fiber hyphae. The effect of 
various carbon sources on the amount of mycelial growth 
was examined and it was found that the best growth occurred 


with cellobiose and D-mannose while little growth occurred 
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with D-fructose, D-xylose, galactose, and sucrose. Formation 
of fertile basidiocarps” occurred’ in’ all three types of 
cultures. Observations of the cultural basidiocarps reveal- 
ed the same three types of hyphae as those found in natural 
basidiocarps. Differences in the basidiocarp appearance 

and hyphal organization were noted, but the form and mode of 
development of the hyphae were the same. 

At present there are two sets of terms used to describe 
hyphal morphology of the natural and cultural mycelium in 
the polypores. Corner's terms are used to describe the 
structure and development of the natural basidiocarps. 
Nobles' terms are used to describe the structure of the 
cultural mycelium. With F. cajandert there is uniformity 
of development of the hyphae through the Geeeineree and 
reproductive phases in nature and in culture. I believe 
that one set of terms is sufficient for description of the 
mycelium and that the terms generative, irregularly thick- 
ened generative, and skeletal hyphae should be used to 
describe the development of the mycelium and basidiocarp 
in the natural «and cuitural senvironment. This simplifica- 
tion of terminology would make comparison of the structure 
and development of different species much less difficult 
and thus serve to clarify interrelationships between 


species of the Polyporaceae. 


iv 


—_ 


fese2en «2 bavei georts passat sane» 
. soratesqds erasove shed ol! eh “eg sadune ted 
+0 sbom bas wioy ada ood aboaon ota, saan 
ae Ia 975% antag pis to : 

adiaoceeh 03 Ema anzs3 te ates .ows iy gat Je9eSTH, 
git smltieoym Intupieq bos rere rn to VRoiadgrom 
aft wdivonoh ca base one (aarp aah peaogyts 

,20 Teo osotand Larpaee, 942, Lo shakgobsvab. bes 62 

sais Yo, dupsze7s]e sald sdbaseab sd boeo Sts smts3 ig 

gia iwmre bah, 2b weits sine ms aN molioora. | 
Sins suk tazagey ona iguoxas gongs ote TD. : 

s¥s ffadi-% sims tus) fy bas phic ia snd speromd: onto: 

a2 a aphsiqtaoesb wo sporoh tin at “emred to tan one 
-tokla: xixelugeti2 ,svrisseseg embed dl ondt doe 
od Bown od Bivade satqed Lagabeats the; 
qzavobblend bap ud toon sAd In. Insngoteved ett 
-so2ttiqats aLdt + atiguine riya, Ess edteo bre kedvianaiel oda oe 
atsauaae ets Yo Hose Y Ree > Seen) KdagW vaclocteses te nora 
Seams saat) te aint avean te swoagatevate bas) | 9 


(eam e493 3o:\natoega | 
- fh : i. 


v- uly oe 
: oi ce 
| iw 


rae te ee ae ard 
Win bape ates, 


ia yt “ae . 
aie ews Pret | 


ACKNOWLEDGEMENTS 


ivweitsn -tocexpress my sincerest appreciation ‘to Dr. L. 
L. Kennedy for her guidance and encouragement in my research 
and in the presentation of this thesis. 

Tiwould asso slike to thank Dr. .N. Colotelo for hie 
helpful suggestions and for allowing me unlimited use of 
his rotary shaker. Thanks are also due to James Traquair 
and Dale Allen for their help in photographic procedures, 
David Beliveau for his help in the field, and Mrs. Betty 
Ford tor her-care in typing this thesis. 

Financial support for this research was provided by 
two National Research Council of Canada Scholarships. This 
work was also supported in part by a grant to Dr. Kennedy 


from the National Research Council of Canada. 


eid 102 olaretod wha dnwits a oh 

to seit, hoghetinw out en eadan, wok oe 
thavpasT. ssmet o2 sub ovle at, etnedT 
ReTHSOOTE shdqatged ony) aa ois okay. A 
q7iee «ash bao, bIsit od? lan qien mas 
egies, wits’ dokays) Wit fll . 

ya babi tora anw ithteesed paisa 10% sca 
eidt .agidanmiodo® shanpd te sop ae 
¢bonned 440 ov sonng o ve ttaq at heaae 
vebumed, Yo Lame evan a 


TABLE OF CONTENTS 


INTRODUCTION 


LITERATURE 


Fomes 


is 


2. 


ie 


4. 


Js 


REVIEW 

cajandert Karst. 

Classification and distribution 
Basidiocarp structure 
Vegetative mycelium 

Genetical studies 


Physiological studies 


MATERIALS AND METHODS 


A. 


Development of mycelium and basidiocarps 
in nature 


1 


Oa 


3 


4, 


Materials 


Embedding, sectioning, and staining 
techniques 


Hyphal analysis techniques 


Photographs 


Development of mycelium and basidiocarps 
in culture 


ue 


jap 


oF 


Development in agar culture 
Development in still culture 
Development in wood-block culture 


Temperature and growth of vegetative 
mycelium 


Growth-curve and carbon utilization 
studies 


Growth on wood-shavings with L-asparagine 


vi 


i 


— 


‘2 @ e@e##>e 


a 


| 


es i 


gutarsss\\bns | a cialedr pam \ 


aiietalace stat inte € 
aqyscotbiesd brs’ saat id 20: sngunetoved 
sivjivo tage ot Hisngoteved r 

Sxwdtud £196 of sosigeinved S64 | | 

ourtuo \sbodsbeisy Oh trduqoteysa 42 8 | 


sosenta he a a a 
a ae Riscnia 


TABLE OF CONTENTS CONTINUED 


OBSERVATIONS 


A. Development of mycelium and basidiocarps 
in nature 


1. Growth of the vegetative mycelium 
2. Development of the basidiocarp 


Macrostructure of the basidiocarp 
The primordium 
e. Microstructure ,of the basidiocarp 


i. The marginal region 
ii. The context region 
Tile rrne DLLeus surface 

iv. The dissepiments 


B. Development of mycelium and basidiocarps in 
culture 


1. Growth of the vegetative mycelium 


a. Agar culture - Macroscopic characters 
Microscopic characters 
b. Still culture - Macroscopic characters 
Microscopic characters 


c. Wood-block culture - Macroscopic 
characters 


Microscopic characters 


d. Temperature and growth of vegetative 
mycelium 


e. Growth-curve and carbon utilization 
studies 


f. Growth on wood-shavings with 
L-asparagine 


2. Development of the basidiocarp 


a. Agar culture — Macroscopic characters 
Microscopic characters 
b. Still culture - Macroscopic characters 
Microscopic characters 


vii 


104 
TOD 


108 


Mga Ma 


116 


deg 


Ba Bye 
120 
123 
eo 


squsootbiesg wy aurtiorm, a snangetoves' 
sgnsee ‘ot 


aptlooym ovPabaogov old ie for] a 
ginadtidead ans abs pangotaved . 8 


ar efit Do pyusonyssoxbent « 5 
aurkbromtse . wht od 
eer ey ada 20 Siutowrapong S) 


wotgs* rsa, Saat ont sik 
sind chek Sag ior edt (yet 
Tan pean bet Reade PAS 
asnambqssets ant 


nt eqzeoobbdiesd bar innate Yc Phicoghtt ae 


must 2 3 ¢m avi deaegev $i4 Yo green a 


é7etuRTEARS shge tes 3EM | “ Pan HD a» 
exvavonisio 2igoosotoLM 


 eaioerads aiqcosorseN - sru9 tvs fares a 


#19395 1%872 siqooror sim af 
é obqosenTaeM - spits sreid-beel Ss 
“a7a79ehnap 


s1eIDe7BHS 2iqodseosD eM 


evisatsasv Yo diqotg bins eiuten qiteT .b 
mut. Pa ay 


nokiestitau yaar bap erietesce 2 
eobbuve 


daw erent aaieqes aa 


on ad to neuer 


mn 
.- 
as) 


> 


e 


ay 
dual 
168 
pa -s 
at: 
ae 


Bich, 


TABLE OF CONTENTS CONTINUED 


c. Wood-block culture - Macroscopic 
characters 


Microscopic characters 
DISCUSSION 
A. Development in nature 
B. Development in culture 
1. Growth of the vegetative mycelium 
2. Fhiysiological: studies 
3. Development of the basidiocarp 
C. Taxonomic considérations 
BIBLIOGRAPHY 


APPENDICES 


or i 


LOT 


203 


TABLE 


LIST OF TABLES 


Collections of F. cajandert examined from 
various substrates 


Growth of F. cajandert on various carbon 
sources 


Effect of L-asparagine on the decay of 
spruce shavings by F. cajandert 


ix 


PAGE 


48 


115 


117 


Io A lad 2 no bys 
cit ray: soe ad 


FIGURE 


ih 


10 


1g 


12 


13 


14 


15 


16 


LIST OF FIGURES 


Branching hyphae growing through the lumina 
of tracheids in pine wood. 


Tracheids penetrated by hyphae via the 
bordered pits. 


Dense hyphal aggregations in the tracheids 
near the-ray cells. 


Brown, cubical rot of Populus wood from oe 
e0l rections... DAOM 52060". 


Brown rot of conifer wood showing cubes that 
crumble easily. 


Tracheids near the wood surface completely 
filled by dense masses of thick-walled 
hyphae. 


Thin, dark stain lines in wood beneath 
F. cajgandert basidiocarps. 


Broad, dark stained area in wood infected 
by F.. eajandert. 


Tracheids at the edge of stained area filled 
with dense hyphal aggregations. 


Laterally fused and confluent sessile 
basidiocarps. B-191. 


Fully developed, effused-reflexed basidio- 
carps. B-166. 


Circular, applanate basidiocarp from Ottawa 
collection...) DAOM, 125514. 


Fully developed, sessile, convex basidiocarps. 


B-128. 


Fully developed, imbricate basidiocarps. 
B-3 e 


Fully developed, resupinate basidiocarp. 
B-333. 


Sessile basidiocarps developing on the barked 
portion of a conifer log. B-294. 


x 


PAGE 


63 


63 


63 


65 


65 


65 


67 


67 


67 


69 


69 


69 


ipt 


7a 


(FA 


73 


antna! gel’ dgu omit | . 
£38 be 


oi phy shaieet, ae 


| ébtaveats of2 att nsonnnsaigas ane 
ee 


swais0 mot? boow avin Be 2 Gee avon’ 


x) “Saye Ko, é avitoellos 
Jedi esdpo gntwoda Soow ase satey io Jom nwo 
alts) Nilese sfdwora 


“istsiqmo>o Soati ea. bebe) Std shhoe ebiodoasT 
be llaw=toids 10 apaaad sendSb vd bu litt 


28 andaqvd 
fitssasd boow nf; asnhs. raise a: treb -.atat 

$a pare OLB hep te sbenkae se 
bejosini boow nt ests ai pixeb. ~beox 
wa P| calms” “A xd 
bofft? so%o bantsds to sgbis say 2 ib ts ebisdositT 
va ahaa le cal Todas, sanebh datw 


olteage dnsuianon rel vid yifarve2sl 
-i2 


ie) ; y -~& .sgynsotbiesd 
-obtbiend pve isa-besiaie- {begotawad eilet 

ea »901-8 BgTe> 
| Tugs (Yeluorsd 

28 y  -tetaowi foo 
-eqrscotbtesd eve eet sbegoraved bas 


Saha ac ll — :bagoteved are 
8 


dienes siauiqumex ,baqoleveb citet 
— Na . *. -—< 


FIGURE 


Ay: 


18 


i9 


20 


cA. 


22 


23 


24 


2D 


26 


29 


28 


zZ9 


eae) 


ou 


32 


1) 


LIST OF FIGURES CONTINUED 


Fully developed, sessile basidiocarp growing 
inva Large crack of a debarked log. B-194. 


sessile, convex basidiocarp. DAOM 100599. 


Cross-section of a sessile, convex basidio- 
carp showing the conchate form. B-128. 


Pore surface of a fully developed basidio- 
earpn 


Tomentose marginal region of a developing 
basidiocarp. 


Developing basidiocarp showing temporary 
resupinate form. 


Developing effused-reflexed basidiocarp. 


Cross-section of a developing basidiocarp 
with round margin edge and shallow pores. 


Mycelium near the wood surface emerging 
through a crack in the bark. 


Small, hemispherical primordium emerging 
through a crack in the bark. 


Section through a primordium showing the 
outward growth in a radial manner. 


Primordium with a finely tomentose, rugulose 
surface. 


Vertical section through a basidiocarp of F. 
cajandert showing the four regions examined. 


Generative hypha from the marginal region 
showing a branch arising directly from 
clamp connection. 


Developing skeletal hypha showing the 
proximal end attached to generative hypha. 


Parallel arrangement of developing skeletal 
hyphae in the marginal region. 


Generative hyphae showing irregularly 
thickened walls and contorted, tortuous 


yi 


PAGE 


73 


73 


75 


1) 


75 


77 


77 


Br 


79 


19 


tee, 


19 


(ie) 


81 


81 


81 


ey 


ey 


KX 


Tv 


ma 


ey 


eX 


qgniwo q PRs De 
. vet got | 


«@2 aii MOAG 


‘yaaee 
-otbikead xevnos pe a der. iaakioe ; 
/BSI<8. -<a29% “pa he sei Wore 


a a aha 
.qzrano bb? was bsxe tons tou tae aa kacitnieats 


qisietbived, soiqglaveh 2 
499299 beitnaa bye faba ai 


geigtens ssekrus boow si im — 
Parad offs. ni po) ok! 


grigisas as tq! hist 
eave teed site nh” 


7 roby tounes vet pagans 


ssolugwn ~seotaaiie? yieaks i a aarti eid 


FIGURE 


34 


po 


36 


37 


38 


a9 


40 


41 


42 
43 
44 


45 


46 


47 


48 


49 


LIST OF FIGURES CONTINUED 


growth form. 


Broken generative hypha with hooked portion 
of clamp, connection. 


Branched end of a skeletal hypha from the 
context resions 


Long, flexuous skeletal hyphae in parallel 
alignment in the context region. 


Compact, firm mass of agglutinated skeletal 
hyphae at the pileus surface. 


Cross-section of pileus surface and context 
showing zones. 


Skeletal hypha from pileus surface showing 
a constriction where growth was halted 
temporarily. 


Skeletal hyphae at the pileus surface. 


Beginning of pore development at the inner 
edge of the lower sterile margin. 


Skeletal hyphae of the dissepiments. 
Skeletal hypha from the dissepiments. 
Clavate, thin-walled, immature basidia. 


F. cajandert basidiospores stained with 
phloxine. 


Older pores of basidiocarp stuffed with 
thin-walled generative hyphae. 


Effect of temperature on the radial growth 
rate of the vegetative mycelium of 
F.) CQIANdeCrL. 


Growth of F..cajgandert (isolate B-3) in 
dextrose-salts medium and in 1% malt extract 
medium. 


Malt agar culture of F. cajandert (B-128), 
24 days old, grown at room temperature. 


Kit 


PAGE 


83 


83 


83 


83 


85 


85 


85 


87 


39 
89 
89 


OL 


On 


on 


LO 


es 


139 


Ay * oe T: _ 7 Gj Ni 
Pr 7 ee a 
ae © - 7 7 Ls Oo t 
7 a ’ ts! a - 7 y : 2 
ie Ce. We ee 
i ty 7 Ur oi - : 7 ut 7 : is MI 7 : 
ne x Lar r a 7 1. 


: | LUNI rean. eantont 40 mers mt :: i 


5 - tay - 7 7\ : -! 
SOAS mi * Wn ar | a 
| : . y 
- gg | i et |! ieee? diwots 
noksyoeq bea od atte Prena a r$yaxeneg nadtoxt i 
es 7 ; sstoktscannes qmsia Ro v 
a's 
; ant @O1 ates foyatavea os to baa bag apg 
2. | oe) nol gon Ike TWGD 
jeflevey of setevd isjelovta auoonaat? eanot 
a -notgsy Inedaos of4 nt Fnamagris 
a bb 
farsiede bovemtinlgan go seoe ws bi lioneme) 
28 . opugivas ebelty do. 26 erigy i 
. what . 
1x923000 bas ous ue au fiita is HOLIO# i—~w2OeD 
a8 a eG) sane go twode 
( 
untwote. « iywc eogdhls mus siqyd [aseters 
; , hagliad asw disetr syofw wobte tutes Ble 
20 Ah J “figstogass: - 
‘a | .g3phaue euelliq sit 35 2 sn5¢ rf faretatt\ 
a8 ; | olay, 
asn0l a1) 28 ttsmqos 69 Sly, 24 04- ¥o gd Pst Te 
28 ry .abg ren girx$4e “teWol pag +6 aghe 
\ : ; st it 3 
28 -2snemlyauelh ol To. sarigge Ingelss2 
) othe 
) 8 edngmrogeat) eto mot eiitwal sisieae 


¥ ‘ PO, ay a 
Ie «sitbiesd sryseam ,bebl av ntda ,eisveis 


7 
7 a= 
_ a : e a 


aa tw bankeae aproqepthtend PASRADE OS) V%- 
ae ea ee ay snrxotitg 


pe ves 7 = ce 
és) , . 7 7 , my 
; ae. i 
> +05 Ogee pad ute tapethived to! Paroy mabtO 


re nie é s a (a “avtreveheg bellawntos 
7) a ) = : ; "y _ 22 >a r 
: . _., F ” by Fis 7 7 
Be ; 2 - - % 


Bal $3; a ug fet 
- " “i o q : to 
: ; a 7 7 , 


th ati 


> : Ds _ 
S@pet3xe Jism 


FIGURE 


50 


ot 


52 


ee 


54 


Do 


56 


ed 


58 


59 


60 


61 


62 


63 


64 


65 


LIST OF FIGURES CONTINUED 


Malt agar culture of F..caganderi .(B=3); 
24 days old, grown at room temperature. 


Fiber hypha from the aerial mycelium of 
agar culture. 


Branching occurring at the apical portion of 
a fiber hypha from the aerial mycelium. 


Long, flexuous fiber hyphae and nodose- 


septate hyphae that form the aerial myceliun. 


Irregularly thickened, nodose-septate 
hyphae from the aerial mycelium. 


Irregularly thickened, nodose-septate 
hyphae from the aerial mycelium. 


Thin-walled, deeply stained, nodose- 
septate hyphae from the submerged myceliun. 


Thin-walled, deeply stained chlamydospore 
from the submerged mycelium. 


Stililleti turetofert t\eaganderti (B=3)5 11 
days old, grown at room temperature. 


Stililcalture! of Ft cagjandertr(B=128), 30 
days old, grown at room temperature. 


Thin-walled, nodose-septate hyphae from the 
submerged mycelium of still culture. 


Thin-walled, granular appearing, ellipsoidal 
chlamydospore from the submerged mycelium. 


Elongate, thin-walled chlamydospores from 
the submerged mycelium. 


Branched apical portion of a fiber hypha 
from the aerial mycelium. 


Deeply stained, thin-walled apical end of 
developing fiber hypha from the aerial my 
mycelium. 


Pine block culture of F. cajandert (B-189) 
grown at room temperature for 12 months. 


Kad i 


PAGE 


139 


139 


Ugh Be) 


141 


141 


141 


141 


141 


143 


143 


143 


145 


145 


145 


145 


147 


a) oe oe 7 
’ ‘ ut - . 
, 7 ; Mie) a iG ; Wits, a pie : 
- a) a ) -A> oe 7% aa) 
; n - . nN ¥ : it oi 
asuuITHOs, ‘uatars WO Tarr Oa 
"u =>) : gy ey 
1 7 Ay 7 : - A ' ins 
2 5 o A q ’ 7 a 7 ¥ : ; -_ 7 - 
bed : a, va” ' | rie: — 


(e=-8) Frebangos Pe ee eee sham fe 
syyesepegass moot “te awa! BLO eveb *f 


rel of 
“4 
go mebiesvé heipae sid wax? wdqyd sod ) 
SET | ( orynttoo we9e - | 
c 4 a ; | : : aE 
jo rolited leotqs ofa? de Babs teooo gatnozets 7 
ae | .oubloovt fetgesn sia ort ‘waged TSaarI Ee 
pits 7 : “ 
bay bos sacigynh vod Ft? ewogxbu gro 
i , i f I 2. 'S. @IoOs 1603 Bsrigysi 97aATgSS. i) 
‘ i . 
: ; i 
, a i 4 . 
s3£9942 ybom -bormesaotils uizalogaixt 
, aT va, £68i vss Sho ao72 seiiqya  )f 
a P| i 7 I 
rgsneeonbon|,bsgatatda ¢inaivgerst | 
pat tobieayo Lebres 4Ad mort senqya 
| -~gaahan ,bentnse iqsed (bot fev =aidT 
tel ‘ ee tia SUM DS pwen ye it's OF t erage + O39: +7 ea 
; . i a er 
‘ si 
duaqgeebynetin beriswe, lyre. bo hhaumak te 
ot murfrooya reartenhay fit a2 mot) 
me 
; 4 ; ° « * ° 
{il ~tt~®) SKIPS | TRS ath dys Piraze 
eA \S10se%eones nooy 2® swore . tLe eysd 
f D Z, ; Fs 
* ; ° wh? & ys i > ? Py). - 
Of ,(8hl-S). seohrnins 2426 Siasivn Cite 
2s 
Esl S1YuViatr9qaes moor be ORR Fy eR agen (¥ 
) - * 
“gf mer? asdawi ate 4q: sg-98 shen » Helehrompalae! a 
fei enaa.tya, RigeR: te digit fooyn bag yomdus q 


= 7 Pig fon es? & 


As 
igbkowetts 's eagk TeAG 78 es URRTS halite R 
mat mur tsoym hegtoidue sai mont. arege a a 
Ve : .o : 5 AS a 4 a a ’ a, 
ore | geet eereg ee joka 
a) ae ~ May wblgoyitc bepyandue Pig 


- 
26 bre tind ke 5.6 
Yao tabxas sd t 


_ Reetaay Paghanlye! pe 
Balad 


ae 
c= 7 oa 


FIGURE 


66-67 


68 


69 


70 


(aw 


re 


76 


Ad 


78-82 


83 


84 


85 


86 


LIST OF FIGURES CONTINUED 


Pine block culture of F. cajandert (B-189) 
grown .ate20;C for,.10 months, 


Thin-walled, nodose-septate hypha with 
"medallion" type of clamp connection. 


Irregularly thickened, nodose-septate hypha 
with short, solid protuberances along the 
hyphal wall. 


Densely intertangled and interwoven fiber 
hyphae of the vegetative mycelium. 


Irregularly-shaped crystals in the vegetative 


mycelium of an aspen poplar block culture. 


Daedaloid pores forming along the plate edge. 


Pore walls developing on the compact, 
felty primordial area at the plate edge. 


Rounded and sub-angular pore mouths of 
ba sidiocarp formed in agar culture. 


Daedaloid pore mouths of basidiocarp 
formed in agar culture. 


Apical ends of fiber hyphae protruding 
from the leading edge of the pore wall. 


Clavate, deeply stained basidia arising 


from the thin-walled, nodose-septate hyphae. 


Seill eultures of .F..cajanudert,.2 months 
old, grown at room temperature. 


Stilivcurture of fs. cagandert (B=-3),, 4 
months old, grown at room temperature. 


Still culture of F. cajandert (B-3), 4 
months old, grown at room temperature. 


Leading edge of pore wall consisting of 
iiehtiy stained, apical portions of fiber 
hyphae. 


Apical portion of fiber hypha from the edge 
of the pore wall. 


xiv 


PAGE 


147 


149 


149 


149 


149 


a hae 


1h Suk 


151 


151 


151 


151 


133 


i RoW) 


£55 


ls) 


1S fe) 


ees T 


« 
7 
‘ ' a - - 
“fokw idl odaiqee- is bia. Shas pikigtes arat a 
eas aptsoennod q@m@éeis To ate? “nok t De baa" on 
a 4 : 
i - er, | f 
cfiuvd sieccue-seokon -bogedoiga (igs ivgout a 
524 grals esonsueduTo7g bi tae ‘dx dated 
Pa) ifsw tadqys 
Fel 
1 | 
sedii nevowzsse! Soe bolerkpao2nt ylarasd — 
DAT .wutlsoym evitseisgey siz. To sangen 
i 
. ar Moree { ; 
ovlisasagoyv add of alaageygo bomitias vires lugetst 
i sivalus Joold aelqgeq! seqae en te motiaogm . 
1 1 M ; 4 
fel .sgbs ateig oftiugnote ockaxo2? Xatoqg hiolabedd 
| a . ’ 
Ja8dmos ond mo arkuolevab suL aw is2o% : 
I? .gebe aotala de se esae clbetitomtze) yriel 
; | - 
. ae: 
. Y | ~~ or ~ 4 o : ¢ " , fy q : 
| Ye prover e1oe teloggar tue bee Rabie 
i¢ -eeutiva nae 12. beitzes {sock aN 
| %, 
qxagoalbiend 16 efiwom, 3% an Hiolwebesd . 
te! oe 23) GTS /S eRe 0 bena30i 
; : 7 © ; aS AG 
girkbastory fay wodLt 303 2bos LDaeadqa 
hed asta ssog 8h? Te sghs gatas ot. sad mora 
\ t me * a a 
; / 
e 


bes f 


a) Man : , * ; , DA 


ae - ’ ; Pay 
i py VI a .T, > ins ; 
tes rwoo ‘aaamos3 40. N@rl re | 
7 ow 


, - fi 7 a ar a at . it , 

iQ) ees iw. 
(26f~-a) basheaghe ow to gto Lu a: inne aaks (3-a 
.etdaag OL soz B® Of In’ gwowgs 


: elze -sibts otf biemies vignah stavelo 
andeved ‘eigga= svdbou sone Pewee kd 92 more 


= 


7 9 7 \ 
. wilagrom 3 protien: del bo dan iu >. fb9B 
ee & : as ae gtgaqn ‘i oh 7 a wos3 t afo 


7 


op ban) eis pattie ee. 
srt B7946 = oy - a: 


~bio. eds 
are ~ a or is 
7 — i Se - 


ee 


he .ef-&) » alk ware 


ae | 08 > 


Vy antaaie 


t9di2 76 / 
— 


FIGURE 


87 


88 


89-91 


92 
93 
94 


99 


96 
a7 
98 


39 


100 


LIST OF FIGURES CONTINUED 


Densely intertangled and interwoven fiber 
hyphae of the interior of the pore wall. 


Deeply stained, clavate basidia from the pore 


wall of a basidiocarp formed in still 
culture. 


Compact, felty, hemispherical primordia 
developing along the top surface and top 


edges of wood blocks. 


Aspen poplar block culture of F. cajandert 
(B-123)  rown at ZO0°C for 10 months. 


Pine block culture of F. cajandervt (8-128) 
grown at room temperature for 12 months. 


Spruce block culture of F. cajandert (B-128) 
grown at room temperature for 12 months. 


Aspen poplar block culture of F. cajandert 
(B-128) grown at room temperature for 


12 months. 


Spruce block culture of #. cagander?t (B=128) 
grown at 20°C for 10 months. 


Pine block culture of F. cajandert (B-128) 
grown at room temperature for 12 months. 


Irregularly thickened, nodose-septate hypha 
from the primordium. 


Edge of a hemispherical primordium. 


Edge of an elongate, open pore. 


xV 


PAGE 


155 


Muy) 


157 
159 
19 


159 


159 
159 
159 


161 
LGD 


161 


cei 


Vel 
eet 
vez 


ees 


. fitaw ayig od 


exoqg ofa won? aver . ais 
Iftse ni bongo? @ 


athaowixq teo€s 
qoy bas s2ei7Ua 


tesbeatne .& to sora ve! wet 
} eds aon Ob 208 we . ate ) 
(agree) eepiaatjael VM ae hele Fe aay ; 
<adinow ares oxusate i” 
(8f£48). Tashan 24) tp ated Luo. 25id» ay 
| ,e@anOm EF rpt SRD AO ASigor Wah ie 


cnbbanbie. 380 Saud Kits Here aiqny ceqeé” 
| yor ni alent ioos- Te i CBs 


1 


pore baxabitwens Sto spi rownge 
‘ en nom GL te pees 


(8Si-h) vale HH hao! i. to & 
addon SY 7ay o) 


# a Galion aaa 
aftgyit sisaqousevoton i 


teas | 
a, Sambi aay: 3 er an 140 Path 


7 ae 
7 re ‘ ‘= 


APPENDIX 


ft 


i A 


ELT 


LIST OF APPENDICES 


List of Fomes cajandert Collections 


Staining Schedule for Decayed Wood 
Sections 


Formulae for Basal Synthetic Medium 
and Nobles' Malt Agar 


XV 


PAGE 


204 


209 


Z2£0 


; . 
y 

i 

ee - 

whe Si a 
; ae 


a) Wan git & vo 
) ; ae ee 


A: 


os 7 
, 


» \ 
~ 


avibel 21st 2 


7) 


INTRODUCTION 


The Polyporaceae is a large, economically important 
family of fungi recognized as major wood-decaying organisms. 
The biology of many species has been extensively examined, 
especially the mycelial development in wood and the macro- 
scopic features of the basidiocarps. The decay of wood 
products by these fungi has been the stimulus for numerous 
studies to find methods of preventing such damage. Invest- 
igations have disclosed many genetical, physiological, and 
biochemical aspects of the life history of polypores and 
descriptions of the basidiocarps are found throughout the 
literature, since these structures are the most distinctive 
part of the fungus. 

For many years mycologists have been concerned with 
establishing stable taxonomic relationships between various 
members of the Polyporaceae. Macroscopic characters were 
used primarily in delimiting the taxa and, because of the 
polymorphic nature of the basidiocarps, a number of 
artificial classification systems were constructed. The 
taxonomic position of many polypore species has still not 
been resolved, and no classification system for the 
Polyporaceae can be regarded as generally accepted 
(Bondartseva, 1961). Corner (1932a, 1932b, 1953) was the 
first investigator to study the microstructure of natural 
basidiocarps in detail. His work emphasized the structure 
and development of hyphal types in polypore basidiocarps 
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and he introduced the "mitic" system. In this system 

there are three hyphal types which, in various combinations, 
make up the complex microstructure of the basidiocarps. 

The three hyphal types recognized were the generative 
hyphae, skeletal hyphae, and binding hyphae. Cunningham 
(1954, 1965) used this "mitic" system to establish a 
classification based on hyphal types present in the basidio- 
carps. Unfortunately, Cunningham set up his classification 
using only a limited number of species and sometimes made 
incorrect observations which resulted in an artificial 
system of classification. 

The first major investigation of the development of 
wood-decaying fungi in culture was done by Long and Harsch 
(1918). These workers grew a large number of fungi on a 
variety of media and described the macroscopic and micro- 
scopic characters of the cultures. Basidiocarps frequently 
formed fH eulturé and’they noted that*"the size, shape, ‘and 
color of the pores and tubes produced in artificial 
cultures on many of the agars are practically identical 
with those found in nature for a given species." 

The morphological studies of Nobles (1948, 1958, 1965) 
have been the major works used to identify cultures of 
wood-inhabiting polypores. Basing her key on both macro- 
scopic and microscopic characters produced in culture, she 
has separated various groups by a number of criteria. 

These are the absence or presence of extracellular oxidase, 


septation of the hyphae, occurrence of special structures 
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and spores, color of the hyphae and mycelial mats, changes 
in agar color, rates of growth, formation of fruit bodies, 
odor, host relationships, and interfertility phenomena. 
She believes that these cultural characters can provide a 
guide to relationships in the Polyporaceae. 

These various studies have investigated the vegetative 
mycelium, the reproductive structures produced in culture, 
in some instances, and the structure of the natural basidio- 
carps. Practically no work has been done involving 
comparison of the development of hyphal types in cultural 
and natural basidiocarps. For most species detailed hyphal 
analyses of the basidiocarp have not been carried out. 
Usually only brief accounts of hyphal morphology of the 
basidiocarps are provided in species descriptions and no 
information on hyphal development is given. The vegetative 
mycelium in duatude has been extensively studied, but the 
development of basidiocarps in culture has received little 
attention. The investigations of Plunkett (1956, 1958, 
1961) using Polyporus brumalts, a stipitate polypore, have 
provided much of what is known of the effect of the 
physical environment on basidiocarp morphogenesis. However, 
the microscopic characters of basidiocarps formed in 
culture were not examined. Nobles (1971) has pointed out 
that in cultures of all species of wood-inhabiting Hymeno- 
mycetes, including those with basidiocarps that are 
difficult to dissect and whose hyphal systems are 


difficult to determine, generative hyphae and hyphae 
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modified to form the characteristic microstructures of the 
species may be readily observed. | 

The lack of information concerning growth and develop- 
ment of these fungi prompted me to carry out a detailed 
study of the development of Fomes cajandert Karst. in 
nature and in culture. This species was chosen for three 
reasons. Firstly, the species is fairly common and wide- 
spread in Alberta so that fresh specimens could be readily 
obtained. Secondly, the great propensity of F. ecajandert 
to fruit in culture provided a good opportunity to compare 
hyphal development in the natural and cultural basidiocarps. 
Thirdly, the closely related Fomes roseus (Alb. and Schw. 
ex Fr.) Karst. is often confused with F. cajanderit as they 
both have a pink-colored pore surface. The objectives of 
this study were: (1) to provide basic information needed 
to understand microstructural changes fundamental to 
morphogenesis in this species and (2) to evaluate the 
effects of selected factors of the cultural environment on 
growth. 

There were three approaches to this study. The first 
was a detailed hyphal analysis of the natural basidiocarps 
to determine the structure and mode of development. Growth 
from the vegetative hyphae in the wood to formation of 
fully developed basidiocarps was examined. The second 
approach was an investigation of the vegetative and 
reproductive development of the fungus in three types of 


culture: agar culture, still (liquid) culture, and wood- 
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block’ culture.) "fhe third approach involved exploratory 
physiological work examining growth rates at various 
temperatures, carbon utilization, and decay of wood- 
shavings supplemented with L-asparagine. A search of the 
literature showed no carbon utilization studies or wood- 
decay experiments on this species. 

The results of these studies will be presented in two 
Ma rOore sections.) Theis first will be a detailedj.account of 
the growth of the vegetative mycelium and basidiocarp 
development of F. cajandert in nature. The second section 
will describe the growth and development of the fungus in 
the three types of cultures. The physiological results 
will also be presented in this section. The results and 
observations will be brought together in the discussion to 
present a complete view of the development of F. cajandert 


in nature and in culture. 


ae ye ae a Vee ee ie ~ 7 
ya. wee 7 7 vo ve ; 
v9 a | iy : _ —) : x ; wy 

(a Dte. Sra ma ea ; 
2 Mi : : : rr? ie 
‘g , a . { i =. a - a - - 7 
i" a : : i P| te, VJ ; 7 
‘ 7 7 y q : i } 
; ( ; > rat <4 eo 


| | ae ae Wie) ee Bart Ay 
avoktay 18 eatet Jiwong ante taexs Aton Teotgeles 


ofa 20 Htovese A 


Laan 3998 oats ua ‘sswenaxigns y 

ond st botanestq na pita ‘eet binte sees bint s2iveor 
to onvesva beotiassh 2 of Ely feat} ott vomeh ina 

qupsothiand bis svi Lopunl Sveasbegevjens to 

nobinoe badoen oA? ,eausen (ie i ae a, Do 
et augaud ola to snamiels web aah! wavosy 2A? edt vs 
aiineds isatgo Ser auskp SAT Serene Ro aeqys wt 
bos at iveass ant  pobigs¢ alse ae vapiines sg. aa dete if 
og cohaarayea aa, ‘pt xesdzone9 Sulguerd od Ite ame! 


bashraAhen « 1 hamadt ss) wath. Bo ricteiicisnlbines ia 1% 
———_ mt how - 


LITERATURE REVIEW 


The basidiomycete Fomes cajanderi Karst. belongs to 
the large family Polyporaceae, an economically important 
group of mainly wood-decaying fungi. The family is 
characterized by the hymenial layer lining the inner 
surfaces of regular or irregular tubes or lamellae. The 
classification of the Polyporaceae is presently undergoing 
extensive revision as more studies are being conducted on 
the polypores. No classification proposed so far has been 
universally accepted. A brief review of the major classi- 
fications currently in use is given. 

the classification of Overholtse (1953) incorporates 
mainly macroscopic features for delimiting genera and 
species of North American polypores. Overholts uses 
basidiocarp shape, color, texture, pore layer appearance, 
and substrate preference as major criteria. Microscopic 
features such as spore size and shape and hyphal appearance 
are abso used “for identification. The classification Lists 
8 genera in the Polyporaceae with the genus Fomes containing 
about 40 species. His concept of the genus Fomes is based 
on the perennial nature of the sporophore and the tube 
region consisting of several distinct or indistinct layers 
to which additions are made yearly. 

Lowe (1957) gave an account of the genus Fomes in 
North America in which 68 species are treated, grouped in 5 


sections. The sections are based on context color and spore 
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appearance. Species are keyed out mainly by microscopic 
features such as absence or presence of setae and spore 
size and shape. F. cajandert is placed in a section 
characterized by a pink or rose context and hyaline spores. 

Bondartsev (1953) has written the largest single 
volume on the polypores to date. His book encompasses 
almost 300 species and about 200 of their varieties and 
forms. A natural classification is proposed for the 
Polyporaceae (sensu strtecto) consisting of 5 subfamilies 
and 10 tribes. The groups are keyed out by a number of 
criteria including basidiocarp shape, tissue color and 
consistency, absence or presence of cystidia or setae, 
spore shape, size, and color and substrate preference. A 
detailed synopsis of this classification first appeared in 
"Annales Mycologici" (Bondartsev and Singer, 1941). In the 
classification, F. cajandert (as Fomttopsts subrosea (Wier) 
Bond. and Sine.) as placed in the subfamily Fomitoideae 
and the tribe Fomiteae. Features of the tribe Fomiteae 
include oblong, colorless spores, diversely colored corky 
to woody tissue, stratified tubes, absence,of setae, and 
usually an ungulate pileus covered by a crust. 

Nobles (1958, 1965) was the first worker to use the 
cultural features of the mycelium in a classification 
scheme. In her key, the first division is based on the 
presence or absence of extracellular oxidase in culture, 
The presence of the enzyme was detected by growing cultures 


Onseallic,orytanoniec acid agar,or, by dropping an alcoholic 
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solution of guaiacum on the mycelial mat. The rapid appear- 
ance of blue color indicated the presence of the enzyme. 
After the first division was delimited, subsequent groups 
were keyed out by types of septation, hyphal types, fruiting 
in OS color of mycelial mats, odor, prowth. rates, 
occurrence of oidia or chlamydospores, host relationships, 
and interfertility phenomena. Nobles noted that two major 
groups could be distinguished in the Polyporaceae. One 
group, considered primitive, consisted of species that 
produced no extracellular oxidase and, if heterothallic, 
showed the bipolar type of interfertility. The second 

group was considered advanced and consisted of species that 
produced extracellular oxidase and, if heterothallic, 

showed the tetrapolar. type of interfertility. ‘F, cajandert 


was reported to be among the primitive group of polypores. 


Fomes cajandert Karst. 


Vp CLasciitcaeLonsana distrTiputcion 

In the history of the classification of Fomes cajandert 
Karec. there t6 much contusion and conflicting information. 
The problem arose due to the ambiguous use of the name 
Trametes carnea Nees by early American workers to describe 
a pink to rose-colored polypore found in North America. f. 
ecarnea iy first described as a new species from Java in 
1826 by Blume and Nees von Esenbeck as Polyporus carneus 
(Weir, 1923). Fries (1838) also used the name P. carneus 


and described the fungus. The Javanese fungus was then 
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confused by Fries (1874) in Hymenomycetes Europaet with a 
similar polypore recorded in America by Berkeley. Unfortun- 
ately, the original specimens of Blume and Nees von Esenbeck 
have not been compared with the American collections. 

In 1847, Berkeley described a new species of polypore 
from Ceylon as Polyporus rubtidus. Material of this species 
had also been found in Java, Australia, and the Philippines 
and its description agreed well with P. carneus. Both Weir 
and Bresadola (1912) believed that P. rubtdus was a 
synonym of P. ecarneus. Weir reported that specimens of 
P. rubitdus are entirely distinct from the polypore found in 
North America, differing in basidiocarp color, in spore 
shape and size, in the character of the pileus, in decay, 
and in substrate preference. 

Berkeley had in his herbarium specimens of F. cajandert 
which were collected in North America in 1857-58 and were 
labelled Polyporus palltsert and Trametes arecticus. These 
names were not published by Berkeley, although Cooke in 
1881 published the name "Polyporus pallisert Berk. in Herb.. 
Berk." (Weir, 1923). Since the above names were not 
accompanied by hades andanentde they can be disregarded. 

Due to the confusion associated with the name Trametes 
carnea, Weir (1923) proposed a new name, Trametes subrosea, 
for the American fungus. Overholts (1933) transferred the 
species to the genus Fomes and later gave a description of 
Fomes subroseus (Weir) Overholts (Overholts, 1935). How- 


ever, Karsten (1904) had earlier named and described the 


ae 


I oe "i vee 7 a “ \ i. ee) ea) 
i ic 8 Wy "4 xe 
1 7 a | ' - 
i la : 
ni — Dore 
of _ 


songs een pa: 


 ¢ date Yenqotes as4 


~euiretae .getadrad xd 


2 


isa oats ee 
a 

Jenetsoolbos aaotvems ada ashy belies wosd vues 
siogylog to seisoqa wont sadbdoead peat NOSE or 
getoage bidt to betrs72™ Peer ewtegut sd as. sored) 


—doedosed nev aoe bos eaett ‘yolah 


eonkqai ti it any bos antes endl ,5veL ak ficun’ ros dG. “a 
tieW doh shanty 63 daiw ftaw! bcd notagtnsaab a 
é ekw evbranr So ald payat tad ester) ntobee 
20 peti aie tea) bos so 34 pak <SHasneDS o Yo | 
nl buoy ghoue toa ont aoFe joviderh ¢iesbans O75 34o. 
$20q8 M2: yrxolod q7soot Stead we sniranatle uel 
»vbeoeb Ar ,eveltq'sds %o rasonred> oth ‘at: ote _ 
-ppngseleag, asgiagteme 
busheehie ! .4,%o, enamtonge aha aki. at bad. vate | 
sagw ban -8¢-"c8l ak woiroma faye at, b$susifog en A 
scott .anghiow vsysnsd.. bas ynoaks AE oy Ger ou aOR 
ar ofo0), dguoisis yStadzed 4 bata hdug zon nat 
asl at -adzeg Jean ti Sng suncegy tes" SA oily aaa 
jon stay aoman arads o2 somke : oh haha =bamy" 
-bebiegeielb ed tp ven2 enskisa trons) wa ohana an 
ond ony saan og2, abi nord goa tiahewtnoo ora o2 bis i a 
apanoniins Sh WKN? | smen) wore HSrogexq (E624) thaw ia ' 
| ios add betxoledns3 CERT) arLontev0 sagen? oot 
Bo nekighso¢eb 8 omen ‘poaset bam: asthe’, euaag i 
ee pteeer s2tutioe) vais: (row auqen 
feciuueaeen! bie boat id , ae ar io 


ww, Bie Ales: | ee ami z= 


: ye pi di a - 


10 


species as Fomes cajandert, unknown to Weir and Overholts. 
Thus Karsten's name has priority, since Weir's name was 
published in 1923. 

Bondartsev and Singer (1941) placed the species in the 
genus Fomitopstis because of the corky consistency of the 
tissue and the pinkish or pink to light brown color. In 
Bondartsev's major work "The Polyporaceae of the European . 
USSR and Caucasta" (1953) a detailed description of Fomttop- 
Sis subrosea (Weir) Bond. and Sing. is: given. 

Since most workers today (Lowe, 1956, 1957; Nobles, 
1965; Lowe and Gilbertson, 196la, 1961b; Adams and Roth, 
1967, 1969; Neuhauser and Gilbertson, 1971) recognize the 
name proposed by Karsten, F. cajandert will be used in this 
thesis. 

F. cajanderit is widely distributed throughout the north 
temperate zone. Lowe (1957) reports that in North America, 
the species has been collected from Quebec to Florida west- 
asm to \Califormia and British Columbia. <Overholts, (1.953) 
lists an extensive number of states and provinces from which 
he has examined collections of the species. It is found in 
Northern Europe and collections have been made in Siberia 
and: the Far East (Bondartsev, 1953). 

Zeller (1926) reported the species (as 7. subrosea) as 
being a predominate Goad parasite of stone-fruit orchards 
in coastal California and British Columbia. The fungus 
produced a brown-pocket rot of the heartwood. 


Lowe (1957), Lowe and Gilbertson (196la, 1961b), and 
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Overholts (1953) record F. cajanderi as a brown-rot fungus 
occurring on the wood of gymnosperms or rarely on angio- 
sperms. Korstian and Brush (1931) reported that the species 
was by far the most important one found destroying the 
heartwood of southern white cedar in the Eastern United 
States. Bondartsev (1953) listed larch and spruce and more 
rarely fir and pine as major substrates of the species in 


Europe and Siberia. 


2. Basidiocarp structure 

Although F. cajandert is widely distributed, no studies 
have been done on the morphology of the species. The 
information available on structure is found in species 
descriptions based on basidiocarps considered to be mature. 
Lloyd (1915), who called the fungus [f. paint noted that 
in the Eastern states the pileus surface was even and often 
pale, while in the West it was more fibrillose, uneven, 
and dark. Some of the specimens were thickened with an 
additional indistinct pore layer. 

Weir (1923) described the pileus as "usually thin but 
sometimes conspicuously stratified ava old, normally zonate 
with radiating appressed fibrils..., brown, brownish pink, 
Beery g@rayoor black«with age.” He also noted that the 
darker colored context, the conspicuous narrow zonate and 
radiate fibrillose surface, and the narrow elongate, allan- 
toid spores of F. cajandert (as T. subroseq) distinguished 
it from the closely related, similarly colored Fomes roseus 


CAibyeand Scuv.eex Fr.) Karst. 
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Overholts (1953) gave a detailed description of the 


macroscopic features of F. cajandert (as F. subroseus). The 
major characters were the applanate or occasionally convex 
or ungulate pileus, the pinkish-red to pinkish-brown, dirty 
rufescent, grayish-brown, grayish, and, in old specimens, 
blackish pileus surface, the glabrous or radiately fibrillose 
or rugulose, often zonate surface, the rosy-pink to pinkish- 
brown floccose to soft-corky context, and the concolorous, 
indefinitely stratified tubes. The basidiospores were 
narrow-cylindric, slightly curved, hyaline, and measured 

4-7 x 1.5-2 uw. The hyphae when stained in KOH were pale 
brown and long and flexuous, with no cross-walls or clamp 
connections. 

Lowe (1934, 1957) gave a description similar to that 
of Overholts. In his account, Lowe briefly described the 
hyphae of the basidiocarps, stating "context hyphae rarely 
branched, thin- to moderately thick-walled, non-septate, 
mixed with a small amount of thin-walled clamped hyphae, 

3-5 yp in diameter; tramal hyphae similar." 

The Russian worker Bondartsev (1953), who used the name 
of F. subrosea, described the fruiting bodies as tough 
coriaceous, thin, flat, sessile or slightly effused- 
reflexed, often imbricate or laterally fusing as into 
oblong bands. The surface was zonate or almost azonate, 
occasionally striated, with radially flattened fibers, 
pinkish-fuscous, silver-gray to black on old parts. The 


tissue was corky and flocculent, and the tubes were 
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13 
filled with a white substance. The hyphae were faintly 
colored, ee to light-brown in bulk, with very sparse 
branchings, thick-walled or even devoid of lumen, in the 
tubes the hyphae were generally thinner and more sinuous. 
Dhe spores were colorless, cylindrical, slightly flexed, 
and rostellate at the base, 5-6.5 (7), x 1.5-2 uw in size. 

Bondartsev notes that all specimens of the fungus 
examined (except for a very large one) proved to be one- 
javered. He concludes that. stratification, occurs very 
Tarelyownich probably accounted for. the classification of 


the species in the genus Trametes by other authors. 


3. Vegetative mycelium 

Overnolts (1953)" remarks that.'’. cajandert (as rf. 
subroseus) has been so confused with F. roseus that it is 
daitrcurt, tO.araw rellapve.conc.iustons from the titeracture. 
Part of this confusion is due to the similar appearance of 
the decay. Both species produce a brown cubical rot. 
Information on the mycelium in the wood is sparse; in the 
species descriptions already referred to, the authors only 
mention that the fungus produces a brown rot. 

Hubert (1924) investigated the decay of wood by a 
anes of fungi and reported that F. cajanderi (as T. carnea) 
in the heartwood of white Spruce produced a brown rot. 
Microscopic examination of the decayed wood showed that the 
hyphae penetrated all areas of the cell walls and the bore 
holes formed were much larger than the hyphae; no constric- 


tion of the hyphae occurred as they passed through the walls. 
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Zeller (1926) observed that the brown cubical rot 
produced by the species was more or less restricted to 
definite pockets in the wood, hence the name brown-pocket 
rot. The individual pockets contained a brown, punky wood 
which crumbled easily and was usually shrunken and cracked 
ito” cubical form: 

Studies by Korstian and Brush (1931) revealed that 
the decay in southern white cedar was confined to the heart- 
wood "or Doth "the butt. ‘and ‘the*'trunk.? "in the butte the’ rot 
may extend into the brace roots while in the trunk, decay 
Was Erequentty contined to definite areas in “the wood, 
eotnths pockets. Also in the earlier stages, the wood was 
a light reddish-brown, later becoming darker and breaking 
up into more or less rectangular blocks which crumbled 
under pressure. Microscopic features of the decay were not 
noted. 

In the Pacific Northwest the principal heart-rot 
fungus attacking young, glaze-damaged Douglas fir is F. 
cajanderit (Adams and Roth, 1969). The transverse breaks in 
the main stem of the trees became almost exclusively 
infected by F. cajyandert, the’ decay of the living trees 
being confined to the heartwood by a hollow-cylinder of 
apparently decay-resistant heartwood. 

The cultural aspects of the vegetative mycelium have 
not been closely examined. In the few papers mentioning 
growth in culture, only brief descriptions are SLVen ww ToL 


example, Snell (1923a) described one culture of F. eajandert 


jer hsoides avord |My , aaa bevssess 
a4 ha¥otusest seal a0 orem eww . 


Sodsoq—iwoud aneqa oti aaaedt on 4h 


hoow vying ,aword s benders etoiyvog 


4 , wy 
‘= 


hetoaro Sas redwo sre aeteayy aaW baa ce 
saan 

seas iveiane’ Cbeey dened bite ne kretom XE ulval “a | 
~§jtnan sat o3 bonrhiaog es taded winate/ nxdtvod te | 
joy Std , Saud so aT , Rees oft bak’ Vou aaa® nt; 
qpoeb .Aeurd sia ml ofaw ehoor shard add osnt t 
books avs nt veets oFfnkhieb ‘09 banttaos ed 1 

any boow 5H4 ,e9gede t4id be efit ah ocala pret: 
gnidaeid bis t981e5 SORT godel auord~é as 


balipins. dobdw ataals te luggedsaas biel ig “18 
ton, s7aw ysaeb SAt to earn ioe? atneseos aay vote TT ks i 18 


an 
7 


toxr-s3Aed Léeqtoul sq ad sana at sh 

Avet “ra aglgved baganat-eseka. <anway guttoe 

at gisetd Ssvoveds4d od? . COG0L aitrast and vests). 
Paevent exe tHomis penne’ aoand ot ko na3e 3 

ga9a2 gatvil jada wy wane aH? _oaalbanse “i me 

10 boi Doth staal) & ed bosuaaaed ota on & 
-boousinea saiaest Sah. 

svail moxtesya ovls2agsy sits, 20 ndoogen ei | 
grisoksuen ‘a tauey W572. a a am al als rood f : 


15 


Casella carnea) as showing little initial soft, white 
mycelial growth and soon forming a tough matted rose- 
colored mycelium on agar and wood. He also reported that 
the delicate white mycelium spread rapidly over wood blocks 
but never fruited while the rose-colored mycelium did not 
readily infect the wood blocks but usually formed fruiting 
bodies. 

The consistency and color of the mycelial mats was 
variable as noted by Snell, Hutchinson, and Newton (1928). 
One culture was described as "bunchy tomentose like washed 
cotton flannel and powdery when worked with a needle" while 
other cultures Gutemee a tough mycelial skin. These 
investigators also found that the tougher the mycelial 
skin, the more eeeea the color became. 

Nobles (1958, 1965) described the species growing on 
1,.25Zomalts extractPagarias, forming: cottony)to' cottony- 
floccose and pitted mats, pink or vinaceous, with poroid 
fruiting areas forming over most of the surface after 6 
weeks. Chlamydospores were rare, thin-walled, and ovoid to 
elongate. The hyphae were of the. fiber type and nodose- 
septate type. The fiber hyphae were aseptate, occasionally 
branched, and thick-walled with lumina narrow or apparently 
lacking. The nodose-septate (clamped) hyphae were thin- 
walled or irregularly thickened with a narrow, sinuous 
lumen and enlarged clamp connections. Basidiospores that 
formed in culture re similar in size and shape to those 


of the natural basidiocarps. 
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4. Genetical studies 

Mounce and Macrae (1937) were the first workers to 
report that F. cajandert (as F. subroseus) was hetero- 
thallic and bipolar. Monosporous cultures were obtained 
from basidiospores released from sporophores grown on prune 
or malt agar or on small blocks of Douglas fir. The results 
of this early study were confirmed by Neuhauser and Gilbert- 
son (1971). Mounce and Macrae also demonstrated the 
distinction between F. subroseus and F. roseus ( a closely 
related polypore) by interfertility mating tests and 
differences in spore shape and size. 

Adams and Roth (1967) studied paired cultures of F. 
cajandert and showed that the dark lines of demarcation 
that formed at the interface of colonies provided a 
reliable basis for distinguishing genetically distinct 
dikaryon mycelia. Paired cultures that were distantly 
related formed demarcation lines 95-100% of the time while 
the closest related cultures formed lines about 50% of 
the time. Using the demarcation lines, Adams and Roth 
(1969) further demonstrated that in 49 glaze-damaged 
Douglas fir trees, there was an average number of 2.3 


genotypes of F. cajandert per tree. 


a. Physiological studies 

In the majority of papers reviewed, F. cajandert was 
only superficially examined along with a number of other 
wood-decay fungi. The uncertainty regarding the identity 


of F. cajandert and F. roseus reduces to some extent the 
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value of physiological data obtained by early workers. For 
example, Snell (1922) studied the physiological relations 

of the basidiospores, mycelium, oidia, and chlamydospores of 
five basidiomycetes, including F. roseus. The effect of 
temperature, light, media, and drying on spore germination 
was investigated as well as the growth of mycelium at 
different temperatures. One year later, Snell (1923a) 
stated that the F. roseus cultures described and used in his 
previous paper were actually cultures of F. cajandert (as 

f.+ carnea)« 

Field observations by Snell, Hutchinson, and Newton 
(1928) on the moisture requirements for fruiting revealed 
that basidiocarps of F. cajanderit (as 7. subrosea) were 
collected in relatively moist situations such as on logs 
covered, with; bank or. on) wood n,.ravines,. near. brooks, or 
waterfalls. The same preference for relatively moist 
conditions was also noted in wood block cultures in flasks. 
F. cajandert generally fruited in the lower portions of 
the flasks where it was moister as compared to F. roseus 
which always fruited higher in the flasks. 

Snell, Hutchinson, and Newton (1928) found that 
different erowth, rates, iat .30°-32°C,.allowed, absolute differ-— 
entiation between F. cajandert (as 7. subrosea) and the 
closely related F. roseus. Maximal radial growth of F. eaj- 
andert occurred at 30°C while F. roseus grew slower and show- 
ed optimal growth at 26-28°C. The maximum temperature at 


which growth of F. cajanderi was inhibited was 38°C. These 
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two cardinal temperatures were similar to those found by 
Humphrey and Siggers (1933). 

Snell (1923b) subjected wood block cultures of F. 
cajandert “Cas fT. carnea) and four other wood-decay fungi to 
various temperatures to determine their resistance to moist 
and dry heat. He found that F. eajandert showed little 
Srowlu, arcet, 1/2 to Ll day of dry “Heat at 90°C.” “In moist 
heat, some growth occurred after 24 hours of treatment at 
46° and 48°C, but only slight growth developed after 52°C 
Lor. . 2. Ours. 

Zeller (1926) demonstrated that the brown rot caused 
by the fungus in peach and prune trees was produced by the 
enzymes ligninase, cellulase, and hemicellulase. He also 
found emulsin present in the mycelium. 

Levi and Cowling (1969) examined the relative cellu- 
lolytic activities of a number of brown-rot fungi, includ- 
ine (F. cagander? (as-is subroseus). The results were very 
surprising; none of the fungi showed detectable clearing of 
a cellulose medium. They stated that despite repeated 
attempts with a wide selection of organisms, substrates, and 
cultural conditions, they were unable to isolate from the 
brown-rot fungi a cellulolytic enzyme system active on ~ 
native cellulose. 

Nitrogen utilization studies have been carried out by 
Jennison, Newcomb, and Henderson (1955) on F. cajandert (as 
F. subroseus). Using synthetic media and shake cultures, 


they found that most organic and inorganic nitrogen sources 
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supported good growth of the fungus. The best growth (in 
terms of oven-dry weight) was obtained with casein hydro- 
lyzate, DL-alpha alanine, glutamine, and DL-valine. 
Slightly less growth resulted with L-arginine HCl, L-aspara- 
gine, DL-aspartic acid, L-glutamic acid, glycine, and 
L-proline. Thiamine was required for growth and the 
optimum pH for the fungus was 4.2 using their synthetic 
media. 

Jennison and Perritt (1960) reported that the D- 
ee of amino acids were not utilized by F. cajandert (as 
F, subroseus). The DL-forms of amino acids showed only 
half the growth as the L-forms of amino acids at comparable 
concentrations. No carbon or vitamin utilization studies 


for F. cajandert have been found in the literature. 
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MATERIALS AND METHODS 


A. Development of mycelium and basidiocarps in nature 

The development of F. cajandert in nature was studied 
by, collecting, basidiocarps, at, varidous.stages of maturity 
from different localities and substrata. In the laboratory, 
the specimens were analyzed and the developmental morphology 
followed from the decayed wood stage to the mature basidio- 
carp. The processing and storage of the collected material 
and the methods used for basidiocarp analysis are described 
under the headings: materials; embedding, sectioning, and 
staining techniques; hyphal analysis techniques; photo- 


graphs. 


1. Materials 

Specimens of Fomes cajandert were collected from 
different localities in central and southwestern Alberta and 
from northern British Columbia (see Appendix I for field 
data). Basidiocarps ars various stages of development were 
collected along with some of the wood upon which they were 
growing. The type, condition, and exposure of the substrate 
was recorded and the presence of other visible fungi on the 
same substrate was also noted. 

The basidiocarps were brought back to the laboratory 
in clean polyethylene bags sealed with elastic bands. 
Occasionally, clean paper bags were used, especially if the 


specimens could not be brought back to the laboratory within 
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a wltdie. Collections left in polyethylene bags for longer — 
periods sometimes showed undesirable renewed growth which 
often covered the pileus and pore surfaces with vegetative 
mycelium. Occasionally, the wood and basidiocarps would be 
contaminated by Pentetlltum and Trichoderma. In the 
laboratory, the collections were stored at 0-5°C or frozen 
for later examination and identification. Specimens stored 
at 0-5°C were examined macroscopically and microscopically 
within 1-3 dat ine fe collection. © Cultures of dikaryotic 
mycelium were made at this time by removing bits of basidio- 
carp tissue or small slivers of infected wood with alcohol- 
flamed forceps and placing the material on plates of malt 
extract agar (Nobles, 1948). 

Smail collections, atver being identified and/or 
cultured, were dried for 1-2 weeks in a warm air cabinet 
and later stored in a herbarium in sealed polyethylene bags 
with a few moth crystals. If a collection contained many 
basidiocarps, the specimens were divided into two groups. 
One group was dried for herbarium purposes, the other group 
was stored frozen. The frozen material remained viable for 
a number of months and could be examined by dissection and 
maceration techniques or by embedding and sectioning. 
Cultures could be obtained from the basidiocarps or the 
infected wood immediately beneath the basidiocarps. 

Both F. cajandert and the closely related Fomes roseus 
grow in Alberta, although the latter species. is less 


commonly found. Since F. roseus resembles F. cajandert in 
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color, occasionally in form, and in preference for coniferous 
wood, it was imperative that positive identifications be 
made. Mounce and Macrae (1937) have shown that F. roseus 
and F. cajandert can be positively distinguished by the 
shape and size of their basidiospores. In my study, the 
majority of collections were identified by the shape and 
size of natural or cultural spores. The basidiospores 
formed in culture were indistinguishable from those formed 
in nature. Since F. roseus and F. cajandert frequently 
fruit in culture, spore examinations could easily be done. 
In the few instances where natural or cultural basidiospores 
could not be obtained, specimens were identified on the 
basis of pileus form and context color (Overholts, 1953) 
and) biytvarious icniliturabefiicaturesiu(Nobles, 1958, 1965). 

In addition to my own collections, dried specimens of 
F. cajgandert were examined from the Mycological Herbarium 
at Ottawa and the Cryptogamic Herbarium at the University 


of Alberta: 


2. Embedding, sectioning, and staining techniques 

Two methods were used to examine the vegetative 
mycelium in the wood. In the first method, temporary 
slides were prepared by hand-cutting thin sections of the 
infected wood with a razor blade and staining with 1% 
aqueous $-phloxine or cotton blue in lactophenol. This 
method was rapid and simple to perform, however, hyphae 
were sometimes difficult to observe in the wood. In the 


second and more satisfactory method, permanent slides were 
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prepared by cutting out small blocks of infected wood 
(approximately 1 in x 1/2 in x 1/2 in) and soaking them in 
distilled water overnight. The wood was usually sufficient- 
ly softened to allow sectioning at 15-20 u increments with 

a sliding microtome (American Optical Instrument Co.). The 
wood sections were stained following a modified procedure of 
Cartwright (1929) (see Appendix II). The sections were 
stained in safranin and gently heated with picro-anilin 

blue over an alcohol lamp. After dehydration in an ethanol 
ser hes a( 507,000 Aye 8.5 2x 982% )o0 othe, isections, were, cleared, in 
clove oil, washed twice in xylene, and permanently mounted 
im tKkbeermount ¢(Canolina Biological .Supplhy. Co...).....Transverse, 
tangentiaks hand fradiak es éations jwere «cut, with the latter 
two sections yielding better results. 

Frozen basidiocarps (thawed at room temperature before 
use) at various stages of development and infected wood 
bearing primordia were examined using the paraffin technique 
of Johansen (1940). The material was first trimmed down to 
suitable size and then vacuum-infiltrated with weak chrom- 
aCettc acid) ind Lert to fix for 24-48 hr. After washing 
in running water overnight, the material was dehydrated in 
an ethanol series (5% through to 30%) followed by an 
ethanol-tertiary-butyl alcohol series (50% through to 100% 
TBA) .“W@hesuemat: (Fisher Setentific. Co.) was weed) as Che 
embedding material. Sections were cut at 10-15 yw increments 
on a rotary microtome (American Optical Instrument co.) and 


the ribbons flattened out on a warm slide flooded with 4% 
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formalin. Haupt's adhesive was used to mount the sections. 
A safranin-fast green staining schedule (Johansen, 1940) 
was followed and the sections later dehydrated. Permanent 
mounts were prepared by covering the sections with a drop 
of Kleermount and adding a coverslip. The coverslips were 
weighted down with lead weights while the slides were 
drying on a warming tray (40°C). Sections of the basidio- 
carps were made longitudinally along their length and width 
and transversely from the top of the pileus downward to 

the pore region in a horizontal plane. The embedded sections 
were useful in showing the organization and arrangement of 
hyphae in the developing basidiocarps. To examine long, 
intact lengths of hyphae dissection and maceration 


techniques were used for hyphal analysis. 


3. Hyphal analysis techniques 

Fresh, frozen, and dried specimens of F. cajandert 
were used in the hyphal analysis. Frozen material was 
thawed before use and dried specimens were soaked in dis- 
tilled water for several minutes to soften the material. 
Dissection of the basidiocarps involved teasing apart small 
pieces of tissue (approximately 2 mm x 1 mm x 1 mm) with 
dissecting needles in which the points were filed down to 
a fine, sharp edge (Teixeira, 1962). Pieces were cut from 
the pileus surface, context, margin, and pore regions of the 
basidiocarp with a razor blade and placed in 5% aqueous KOH 


which swelled the hyphae to their normal size. The 
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individual hyphae were teased out under X35 magnification 
using a Cooke, Troughton, and Simms stereomicroscope. 
Similar sized pieces of tissue were also soaked in KOH 
and macerated by gentle tapping with a blunt glass rod to 
separate the hyphae. This method was much less tedious and 
time-consuming than the dissecting technique, but shorter 
lengths of hyphae were generally obtained. The dissecting 
and macerating techniques were necessary to observe the 
development of various hyphal types in the basidiocarps, 
since embedding and sectioning produced relatively short 
lengths of hyphae. The separated hyphae were stained with 


1%Z aqueous $-phloxine or cotton blue in lactophenol. 


4, Photographs 

All photographs in this study were taken with the 
following equipment. Micrographs were taken with a Pentax 
35 mm camera mounted on a Leitz microscope and on a Cooke, 
Troughton, and Simms stereomicroscope. A Vickers Photo- 
micro+35 mm“eamera> fitted to*a- Vickers photomicroscope 
was also used. The macroscopic photographs were taken 


with’ a? Pentax°35°mm Camera’ and a*set of “close-up” lenses. 


B. Development of mycelium and basidiocarps in culture 


The growth of the vegetative mycelium and basidiocarp 
development was studied with three types of cultures: agar 
culture, still (liquid) culture, and wood-block culture. 


In addition, three physiological aspects of mycelial growth 
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were examined which included growth rates at various 
temperatures in»agar,culture, carbon utilization.in.shake 
culture, and growth in wood-shaving cultures supplemented 
with L-asparagine. The cultural studies of F. cajanderi 
emphasized the developmental morphology of basidiocarps, 
since this polypore species readily fruited in culture. 
By studying the basidiocarps formed in culture, a better 
understanding of the hyphal basis of development in the 


natural basidiocarps can be obtained. 


1. Development in agar culture 

Durine wrowtine, culturing of F. veajandert, collections, 
it was noted that many isolates readily fruited on Nobles' 
malt agar (Nobles, 1948). Because of the good growth and 
consistent. fruiting on this medium and since the cultural 
methods described by Nobles (1965) were followed, Nobles' 
malt agar (see Appendix III) was used as the standard agar 
medium in the cultural studies. 

The sources of the stock cultures were the dikaryotic 
vegetative mycelium from various wood substrata and the 
dikaryotic mycelium of natural basidiocarps. Small pieces 
of decayed wood or context tissue were removed from 
cd ok tk pe with flame-sterilized forceps and partially 
embedded in Nobles' malt agar. Pure cultures were 
obtained by sub-culturing from these isolation plates. 
Stock cultures were maintained at 4-5°C and grown in tubes 
containing 6 ml of Nobles' malt agar. 


Cultures to be studied for mycelial and basidiocarp 
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development were started by transferring pieces of 
dikaryotic mycelium from stock tubes to Petri plates of 
malt agar. The plates were left at room temperature (23 + 
1.5°C) for 7-10 days. From the colony edges of the source 
inoculum plates uniform 7 mm mycelial plugs were cut out 
with an alcohol-flamed cork borer. The inoculum plugs 
were placed mycelium side up in Petri plates containing malt 
agar. The plates were either the glass type, 9.0 cm in 
diaheter Wore theipre-sterilizede8:.5 cm? plastits i disposable 
cy pesvelts waspiound that the’agar un the  plasticnPetri 
plates dried out relatively rapidly if the plates were not 
kept in polyethylene bags during incubation. Thus cultures 
growing in plastic Petri plates were incubated in polyethyl- 
ene bags sealed with elastic bands. Since the agar medium 
in the glass Petri plates did not dry out as readily as 
the agar in the plastic plates, these plates were usually 
not placed in polyethylene bags during incubation. 

The inoculated plates were placed near a south-facing 
window or in a dark cupboard or incubation. chamber under 
conditions of ambient room temperature and relative 
humidity. A sufficient number of plates was inoculated so 
that periodically plates could be removed and the fruiting 
structures examined and described. All agar cultures were 
kept for at least 8 weeks before being discarded. 

Because basidiospores often formed in culture and 
were used for identification, all plates were stored upside 


down so that spores could be deposited on the lids. The 


ene |S A en 


#o ‘earnl4 tadtet eo ale nesciegin 
2 €8) srwsezoqana aoor te stot bxe0 ee tata aeiatq.odt” 
sorvees SAF To ere TOOLES sat ore cept O08 308 

ju8 JUD weew aguta Lat Seas inate vo tte eatsigq. 
again avivoort sat .yesee at0o. beni DRctedos'te 
ilew gababetnes 293 eg. cue nl gu ake: auritsocm erat 
at mo /0.8 , ogy? Beata silt mepetS oysu santa tt” 
9ldgeoeet hb pom 2emnky ast. 8 eer ee ada tp’ <2 
byte? stod¢u ta ike al Jers! 1 aun boue? aw, 35. as 
son ay9M gorsiq sf2 It yvibiqasy vkivraaiiss pee boiyh 1 
en ees eee call? .cotssdusol gatzeb ewnd dans heerrateg <7 rr 2 
~tviasauiion pt havadvon) stew SPITES Pred. a ead eet 
eutben thes, wd4 gosh # ahasd skseats hal hednos. es: 
es ylibast sa Iu0 xb son bhb ee mite ia santa on: 
yilaues $16" eettlq seedo base ta, otaabig sa at wean of 


. fol te dusmt gintswh aged one Tela Ceo at cme 
gotosi-d@ver a reso bo oekg su9M dazedy bageteognt bee 


aeban vadmero websndubas 16) Brpaday>. ann & ot ms oben 
1 a 
svitisian bas oxvdeseqesa ens seh ak Yo 7 
oe’ BUtedezon! 2a, eotglq to Saaaeg pastorate. 4 +e 
aN is 


eu 


; i 


a? 


28 
spore color could thus be determined and spores could be 


scraped off the lid with a flame-sterilized dissecting 
needle and mounted in distilled water or 5% aqueous KOH 
for examination. 

The fruiting structures formed in agar culture were 
examined by hand-sectioning the poroid areas with a razor 
blade or by dissecting out the hyphae using techniques 
described for the natural basidiocarps. The hyphae and 
sections were mounted in 5% aqueous KOH and stained with 


1% aqueous 8-phloxine or cotton blue in lactophenol. 


2. Development in still culture 

A 14 malt extract liquid medium was used throughout 
the studies of fruiting development in still culture. The 
procedure was to inoculate 250 ml Erlenmeyer flasks contain- 
inet (50. mi ofthe .(w hoe nati exexact (Dist col Laboratories) 
broth with 7 mm mycelial plugs. The inoculum plugs were 
cut from 7-10 day-old agar cultures of F. cajandert. Each 
flask received one mycelial plug. The flasks had been 
machine-washed with Merit PLX detergent (Economics 
Laboratories, Toronto) and rinsed 3 times with tap water 
and once with distilled water. They were dried in a hot 
adert to Vien shor) dia, 

The flasks were stoppered with synthetic sponge plugs 
which were covered loosely with aluminum foil to prevent 
excess evaporation of the medium. They were placed on a 
laboratory bench under conditions of ambient room temper- 


ature, light, and relative humidity. At periodic intervals, 


~ 


wd ‘blues astoge bas benbniasieh od emits binieatis 
lta alibi post tnaeaendimeth ie adie bit aaa 
Bon manees v2 ve tetew bouiindale “ih a dm ae 

| / 6 re wobindie 
siaw Srvatu> t2@0 MI bowtie? aptegawnde: al lala ential 
~oset a Aste eases blosoq ane Sutaghs pa eeRs vd be | 
geupketoss goker snteale att Quo. gmaooenrb yd TO « z ” 


6s 


bas ondgqyd aft .aytecotilerd Lemupen sas got bedts 
dviw Bberkade bas HOA vuowupis) RR) at beSaaton aey. 


fcasdqgotos! mah soid cate7oo to samixgtd¢g-] avosay 2% 


a 

oe 

9 tua ius spay ah uongotetetl . 
! 


dvonsguotds hoes 2ayv- mulben hiypel [news tian Xf A 


sat .sn® ct: GPrag’ a5 Peeoriers wavaiahe © cote oe 
~tininos sxeei2 saya ounsita Im G28 stalvoont of daw ou 
Comtnudaie aac a2 Fd) soasdes) athe eee) nt 3) are 

4 taw agord wufvoaonh sqt eguig ‘Ene feoce am t wonw | | ite 
jaud ssegbtotns .4 Io estes meme. Sdexab: o4-t- mort § ana 
“aes bat ateal?, sat the take sen sine bowdeows 2: 
eatatonood) jnoy¥996b Rae pens Pore ‘bedies oa 

Tadsv gad agtw nonths c. Seems baa (osneret er 
tod “a ot beth svae \went saetew iesdi set haiw pe ea aw 
mf ad t tot ee a 

SRulg sgnoge Sis atInee sabe: bagpiaunes stew etesnl? a sr 
Snovexq 01 fier avetmot: ata, Peieset boteved orwa u i 


a no beoslq 3584 cot, 


-~=7TSqn93 moaF Sash dee. to . 


bork stbolzequah 4 ax 


29 


a number of flasks was examined and the vegetative mycelium 
and Eagles structures described. The still cultures were 
kept for at least 4 months before being discarded. The same 
examination techniques described for the agar cultures were 


used. 


3. Development in wood-block culture 

A wood-block culture experiment was set up to compare 
the fruiting development of F. ecajandert on this substrate 
weto that ef malt agar and.’still cultures. Isolates B-3, 
B-128, and B-189 were studied. The three isolates were 
chosen because they fruited consistently on malt agar. 

Fourteen blocks each of poplar, spruce, and pine, 
neasuring approximately 3. cm x, 1.5 cm x 1.0-1.5, cm, were 
cut from sound sapwood and soaked for 48 hours in sterile, 
distilled water. The wood blocks were then removed from 
the water and sterilized in empty deep culture dishes, 
1:05 Otnc tia s8aD 4G Mice Cite 62 Cr fom, 20. mi ney at. Jba.LD. spMes Sires. 
After sterilization, the blocks were transferred asepti- 
cally to 9 day-old cultures of F. cajandert growing in deep 
culture dishes that contained approximately 85 ml of malt 
agar. Each culture dish received one wood block. There 
were 12 wood-block cultures of each isolate, with 4 
replicate, cultures!,each of, poplam, spruce,,and pine.) Six 
contamination controls were also set up, with 2 blocks of 
each tree species. 

Half of the wood-block cultures were placed in an 


incubator at 20°C with an alternating 12 hr light and dark 
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cycle. During the last 2 months of incubation the temper- 
ature was reduced to 15°C. The other half of the wood- 
block cultures were placed on a laboratory bench at ambient 
room temperature and under laboratory light conditions. All 
cultures were stored in sealed polyethylene bags to minimize 
contamination and reduce excess desiccation of the cultures. 
At the end of 12 months, the vegetative mycelium and the 
fruiting structures were examined and the wood-blocks 
sectioned using the techniques described for natural 


material. & 


4. Temperature and growth of vegetative mycelium 

The growth rate of three isolates of F. cajandert at 
different temperatures was examined by measuring linear 
growth on an agar medium. The isolates (B-3, B-128, and 
B-189) were grown at the following temperatures: 11°, 15°, 
BOG L825° FDS, CH2.% pvarid O37 2C. 

Mycelium from stock slants were transferred to plates. 
of malt agar and left for 7 days at room temperature and 
Guder tanh Pert: baboratory light: “Prom \thé tedgesof "these 
source inoculum plates, 7 mm mycelial plugs were cut out 
with a sterilized cork borer. The inoculum plugs were 
placed mycelium side up at the Vediee Gof +&.5 Vem /pPastic; 
disposable Petri plates containing approximately 20 ml of 
malt agar. There were 5 replicate plates per isolate for 
each temperature. The inoculated plates were stored upside 
down in sealed polyethylene bags and incubated in the dark. 


The only light received by the cultures was during the 
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periodic measurements. No attempt was made to control the 
humidity of the incubation chambers. 

Four days after the plates were inoculated, the first 
measurements were taken of the radial growth from the edge 
Ofstehe:timoculumiplug to the colony margin. Thereafter, the 
measurements were taken every 2 days for 14 days. When 
measuring, the plates were held up to a microscope lamp to 
allow the colony margin ue be more readily distinguished. 
Two measurements were taken of each plate and the distances 
averaged. The results in Figure 47 (page 110) are the 
average of 5 plates per isolate for each temperature and 


are given as daily radial growth. 


5. Growth-curve and carbon utilization studies 

The method involved the determination of dry weight 
of dikaryotic mycelium grown in shake culture with various 
media. Stock cultures of F. cajandert (isolate B-3) were 
maintained on slants of malt agar and stored at 4-5°C. 

When an experiment was started, 7 mm mycelial plugs 
were cut with an alcohol-flamed cork borer from the edge of 
a 7 day-old malt agar culture grown at room temperature 
(23 . 1,5°C). The inoculum plugs were transferred to’ 250 m1 
Erlenmeyer flasks containing 50 ml of 1% (w/v) malt extract 
medium. Each flask received one inoculum plug. All flasks 
used in the experiments were stoppered with synthetic sponge 
plugs which were covered loosely with aluminum foil to 
reduce evaporation. The flasks were placed on a rotary 


shaker (Lab-line Instruments) set at 185 oscillations per 
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minute with a diameter of motion of 1 inch. The same rotary 
Shaker was used in all shake culture experiments. The 

malt extract flasks were incubated on the shaker for 15 

days under conditions of ambient room temperature and 
laboratory light. 

A standard, aseptic procedure was then followed to 
produce the fragmented mycelium to be used for inoculating 
the flasks. The medium of one of the source inoculum flasks 
was decanted off leaving the mycelial pellet. Fifty ml of 
sterile, Pe tee ws were added to the flask and the 
contents briefly swirled. The water was Lh decanted off 
and another 50 ml aliquot of sterile, distilled water was 
added. The washing was repeated twice more so the mycelial 
pellet was washed three times in all. The washed mycelial 
pellet was then placed in a sterile Waring blendor with 
Loo ae of sterile, distilled water and homogenized at 
medium speed for 3 min. The blendor had been previously 
washed with Organisol detergent (Fisher Scientific Co.) 
and rinsed 6 times with tap water and 6 times with distilled 
water. Sterilization involved rinsing the blendor with 200 
ml of 50% sodium hypochlorite ("Perfex") (Ward and Colotelo, 
1960). The blendor was then rinsed at least 6 times with 
sterile, distilled water . 

After homogenation, a 100 ml aliquot of mycelial 
suspension was removed and placed in a sterile 500 ml 
Erlenmeyer flask containing a Teflon coated stirring rod. 


Three 5 ml samples were removed and the flask was placed in 
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a 4-5°C refrigerator. The three samples were filtered 
separately on previously dried and tared Whatman No. 1 
filter papers (11.0 cm diameter) using a Buchner funnel and 
a vacuum pump (Millipore Filter Co.). The papers were dried 
for 6 hr at 90-95°C. They were then placed in a desiccator 
(containing anhydrous calcium chloride) for 5 min to cool 
down and weighed immediately on a Mettler analytical balance 
to the nearest mg. In all experiments the concentration of 
the mycelial suspension was approximately 0.2 mg dried 
mycelium per ml and this concentration was left unadjusted, 
One ml of mycelial suspension was used to inoculate each 
flask. 

During the inoculations, the flask containing the 
mycelial suspension and stirring rod was placed ona 
magnetic stirrer set at low speed. This was suggested by 
Dr. Colotelo to ensure that the mycelium remained suspended 
so a more uniform inoculum mass was dispensed. A sterilized, 
large bore 5 ml pipette was used to dispense the inoculum 
ce each flask. For.each experiment, three samples of the 
mycelial suspension were plated on malt agar to check for 
contamination,.,.,None of the oma plates showed 
contamination after a 2 week incubation period. 

A synthetic medium modified from Jennison, Newcomb, 
and Henderson (1955), .was used in .the carbon utilization 
experiments (see Appendix III). The carbon, nitrogen, and 
salt components of the medium were autoclaved separately. 


and then aseptically added together after they had cooled. 
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The various components were autoclaved at 121°C for 15 min 
at 15-18 1b pressure. The thiamine component was piacere 
sterilized using bie cba tt vie HA filters (0.45 u pore 
size). The medium was dispensed to each flask with a 10 ml 
capacity automatic syringe that had been autoclaved 
previously. 

The cultures were grown in 250 ml Erlenmeyer flasks 
containing 50 ml of medium. They were closed with synthetic 
sponge plugs which were loosely covered by aluminum foil. 
The flasks used in all experiments were machine-washed with 
Merit PLX detergent and rinsed 3 times with tap water and 
once with distilled water. The flasks were then soaked in 
a dichromate-sulphuric acid cleaning solution for 1 hr and 
rinsed 6 times with tap water and twice with distilled 
water. They were dried in a hot air oven for 1 hr. 

The carbon sources examined were dextrose, galactose, 
D-xylose, D-mannose, D-fructose, sucrose, maltose, and 
cellobiose. Whatman cellulose powder was tried, but it 
was(not) soluble,dng the, synthetic,»mediumuseds.,,.-The ‘effect of 
carry-over of carbohydrates by the inoculum mycelium was 
tested with negative controls. In these control flasks, 
the carbon component of the medium was replaced by an equal 
volume of distilled water. A’number of contamination 
controls were also set up. For each carbon source, 1-2 
flasks without inoculum were ee a with the other 
flasks. 


All carbon utilization experiments had an incubation 
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period of 23 days. The incubation time was determined by 
preliminary growth-curve experiments. The flasks were 

incubated on a rotary shaker and left at room temperature 
and under ambient laboratory light. At the end of the 23 
day incubation period the mycelial nehl BE3 were harvested 


by filtering on dried, tared Whatman No. 1 filter papers 
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using a Buchner funnel and a vacuum pump. The pellets were 


washed with 200 ml of distilled water to remove any excess 


medium. The filter papers were dried in hot air ovens set 


ae 9O-95°C for?) 22-24 hr. | Prior to.weighinge, the filter 
papers were placed in a desiccator for 5 min to cool down 


and then weighed immediately on a Mettler analytical 


balance to the nearest mg. The pH of the culture filtrate 


of each flask was measured immediately after harvesting 
with a Radiometer (model 29) pH meter. 

In the growth-curve studies two shake culture 
experiments were set up using isolate B-3. The first 
experiment involved following the growth of mycelium in 
1% (w/v) malt extract medium at room temperature. The 
mycelium was grown in 250 ml Erlenmeyer flasks containing 
50 ml of medium. The same inoculating and harvesting 
procedures were used as previously described. At 7 day 
intervals 6 flasks were harvested for a period of 5 weeks 
and the growth measured as mg dry weight of mycelium per 
flask. In the second experiment the growth in dextrose- 
salts medium was followed. The composition of the medium 


was the same as the dextrose-salts medium used in the 
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carbon utilization experiments. The inoculating and 
harvesting procedures were also the same. At 4 day epee Mae 
» flasks were harvested for a period of 36 days. . Growth 

was measured as mg dry weight of mycelium per flask. In 

both experiments the pH of, the. culture, filtrate of, each 


flask was measured immediately after harvesting. 


6. Growth on wood-shavings with L-asparagine 

The basic procedure followed was adapted from Schmitz 
and Kaufert (1936). Wood-shavings were cut from a sound 
board of white spruce sapwood with a power planer. The 
shavings were spread out in a thin layer on clean laboratory 
benches (covered with paper) and air-dried for 8 days at 
room temperature. They were periodically mixed to ensure 
even drying. After drying, 25.00 gm samples of wood-shav- 
ings were weighed out on a Mettler analytical balance and 
packed into previously weighed deep culture dishes (with 
Tias) = mensuring .O. 07cm x +o,.0 cn. Ten ‘culture: dishes 
-containing wood-shavings were then chosen at random and 
dried at’ 90-95°C until they reached a constant weight. The 
oven-dry weights of the ten samples were averaged and 
their value was used to calculate the oven-dry weight of 
fhe remaining samples of air-dried wood-shavings. 

Stock solutions of L-asparagine (Nutritional Biochem- 
dent Corp.) at eoncentrations of 0.1%, 0.52, 1.02; and 2.02 
(w/v) were prepared in distilled water. L-asparagine was 
chosen as the nitrogen source since Jennison, Newcomb, and 


Henderson (1955) had reported that this amino acid supported 
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good growth of F. cajandert in a synthetic medium. To each 
culture dish 50 ml of asparagine solution were added giving 
the wood-shavings a moisture content of approximately 200 
percent. 

The culture dishes and their contents were sterilized 
by autoclaving at 12132C. for 20 min, at 16 1b, pressure. . |After 
the culture dishes had cooled, they were inoculated with 
one mycelial block (approximately 5 mm”) cut from the edge 
of 12 day-old cultures growing on malt agar. Two isolates 
of F. cajandert (B-3 and B-128) were investigated. For 
each isolate there were 5 replicate cultures per nitrogen 
concentration. Five replicates of each isolate were set up 
as negative controls in which an equal volume of distilled 
water was added instead of the asparagine solution. There 
were 3 culture dishes of each nitrogen concentration left 
uninoculated to serve as contamination controls. 

The culture dishes were placed in polyethylene bags 
sealed with elastic bands and incubated in a dark cupboard 
aeoroon temperature. (73.2 15°C). Storage inthe bags 
minimized contamination and reduced desiccation of the 
cultures. At, the end of 12 months,,the culture dishes and 
their contents were oven-dried to a constant weight at 90- 
95°C and the loss of weight due to decay was determined. 
The weight of the L-asparagine and inoculum blocks was 


accounted for.,in, the calculations. 
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OBSERVATIONS 


A. Development of mycelium and basidiocarps in nature 


1. Growth of the vegetative mycelium 

The appearance of the vegetative mycelium is similar 
in the naturally-infected wood and the artificially-infected 
wood in the early stages of decay. Since F. cajandert is 
found mainly on coniferous wood, the following observations 
will describe the appearance of the mycelium in spruce and 
pine wood. In the early stages of decay the mycelium is 
Sparse and grows in a sinuous manner through the lumina 
Of the tracheids, primarily in a’ Tongitudinal direction 
(Figure 1). In all observations of the infected wood, only 
the dikaryotic, clamped type of mycelium was seen. The 
hyphae are hyaline, thin-walled, 0.9-1.8 uw in diameter, and 
often branched. Branching generally occurs near the ray 
cells where the hyphae pass from one tracheid to the next. 
The hyphae also penetrate the tracheids via the bordered 
pite (Figure 2). -Ac. the hyphae pass through@the ray cells 
Or pits branching, may occur. In radial and tangential 
sections it is readily apparent that the mycelium is found 
most abundantly near the ray cells. In other areas of the 
tracheids the mycelium is very sparse with only one or two 
hyphae passing through a tracheid lumen. 

In the advanced stages of decay the mycelium is found 


in dense aggregations in the tracheids near the ray cells 
38 
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39 
(Figure 3). The hyphae in these aggregations are hyaline, 


0.9-2.6 w in diameter, thin-walled, and clamped. Typical 
clamp connections are predominant, but very infrequently 
"medallion" clamps are observed. These clamp connections 
were first observed by Falck (aa States’, ©1969 ,<p5?. 53) twho 
named them "medallion" or "handle" clamps because of the 
large space between the clamp and the parent hypha. The 
"medallion" clamps are distinctive in the genus Gloeophyllum 
(Lenzttes) where they were first noted. The presence of 
"medallion" clamps on the vegetative mycelium of F. 
cajandert has not been previously described. The hyphae 

in the aggregations are profusely branched and are inter- 
tangled and interwoven. At this stage of decay, the 
tracheids are weakened and perforated with bore holes. The 
wood is soft and tears easily when sectioned. It is 

thought the bore holes are formed by exogenous enzymes 
released by the infecting hyphae as they pass through the 
tracheid walls. The diameter of the bore holes is much 
larger than that of the penetrating hyphae. No constriction 
of the hyphae is observed as they pass through the bore 
Holes.” &ain rare instances, bore holes exhibiting a cracked 
appearance are seen. The edges of these bore holes are 
broken in 3-4 places with the cracks radiating outwards 

from the hole. The same form of bore hole has been reported 
by Hubert (1924) who believed the cracks developed because 
of shrinkage of the wood. 


The dense hyphal aggregations are abundant near the 
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wood surface. In some tracheids the hyphal aggregations 
are so dense that the lumina are completely filled. The 
tracheid walls are perforated biked Whe bore holes in 
all areas. The wood itself is brown-colored and cracked 
dint ohicu Biers (Pa girres 5): These cubes are often dry to the 
touch and crumble easily into a brown powder. Pockets of 
cubical rot have not been observed in the wood as some 
earlier workers have reported. The brown rot caused by 
F. cajandert occurs throughout the sapwood and heartwood 
areas of the wood, although the initial stages of decay are 
confined to the heartwood. 

In the advanced stages of decay the mycelium near the 
wood surface emerges through cracks and fissures in the 
wood or bark (Figure 25). The emerging hyphae have thick, 
brown walls and are occasionally branched. They range in 
diameter from 0.9-3.5 uw and are aseptate. The tracheids 
may be completely filled by dense masses of these thick- 
walled hyphae (Figure 6). The hyphae emerging from the 
ind form ‘the basidiocarp initial or primordium. The 
morphology and formation of this structure will be 
described in the section on primordial development. 

In wood that has not yet broken up into cubical forn, 
red to reddish-brown stained areas often develop. These 
stained areas are either thin, sharp lines (Figure 7) or 
broad, wide areas with irregular adeee (Figure 8). The 
tracheids at the edges of the stained areas are filled with 


dense hyphal aggregations composed of dark-brown, thick- 
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walled hyphae (Figure 9). The walls of the tracheids .are 
reddish-brown and occasionally, a dark-brown, amorphous 
substance is seen among the hyphae. The identity of this 
substance is not known. The stained appearance of the wood 
is due to the dark-brown hyphal aggregations in the tracheids 
and the reddish-brown color of the tracheid walls. It is 
possible that substances are released by the hyphae that 
cause the staining of the tracheid walls. 

In the deep cracks of heavily-decayed wood under 
moist, shaded conditions, mats of light-pink to white 
mycelium occasionally form. The mycelium is composed of 
long, flexuous, thick-walled, aseptate, refractive hyphae, 
0.9-3.5 uw in diameter. These hyphae are sparingly branched 
and loosely intertangled and interwoven to form a cottony 
to cottony-floccose mat that separates easily from the 
wood surface. Among the thick-walled hyphae are thin- 
walled, hyaline, clamped hyphae that are 0.9-2.6 uw in 
diameter and frequently branched. These thin-walled hyphae 
are intertangled among the thick-walled hyphae in an 
unorganized manner. The light-pink color of the mat appears 
to be due to the light yellowish-brown walls of the thick- 
walled hyphae. These hyphae are light-pink colored when 


observed collectively. 


2. Development of the basidiocarp 
During the course of investigating the development of 
natural basidiocarps, Corner's papers (1932a, 1932b, 1953.) 


were especially useful in describing the hyphal types 
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observed. The terminology used by Corner is of a descrip- 
tive character and the following outline of terms is Eeaal 
on his 1953 paper. Corner noted that polypore basidiocarps 
were composed of three types of hyphae which he named 
generative, skeletal, and binding. The skeletal hyphae are 
"unbranched, thick-walled, commonly aseptate, longitudinal, 
constructional hyphae of the first order in the growing 
region." Binding hyphae are "much branched, narrow, rarely 
septate, thick-walled hyphae of very intricate and limited 
growth, developing behind the growing point." The genera- 
tive hyphae are "thin-walled, branching and septate hyphae 
which take a longitudinal course in the growing region." 
These thin-walled hyphae usually remain thin-walled or 

they may become thick-walled. The generative hyphae 

produce "the system of skeletal hyphae, which is the frame- 
work, and the system of binding hyphae, which are the ties." 
Polypore basidiocarps consist of various combinations of the 
three hyphal types. The basidiocarps may be monomitic, 
dimitic. or trimitic Hn construction depending on the hyphal 
types present. Monomitic basidiocarps consist entirely of 
generative hyphae, dimitic basidiocarps consist of either 
generative and skeletal hyphae or generative and binding 
hyphae, and trimitic: basidiocarps consist of all three 

types of hyphae. The results of the basidiocarp analysis 

of F. cagjandert revealed that eh polypore is dimitic with 
generative and skeletal hyphae being present. The skeletal 


hyphae observed agreed essentially with Corner's definition 
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43 
except that branching occurred sparingly in the apical 


portions of the hyphae. 


a unactostructure of the basidiocarp 

Typical basidiocarps of F. cajandert are sessile 
(Figure 10) or effused-reflexed (Figure 11). The pileus 
form varies from applanate (Figure 12) to convex (Figure 
13) and is frequently dimidiate. Young basidiocarps may be 
somewhat ungulate in form. The convex form is often 
conchate as seen in cross-section in Figure 19. The 
resupinate form of basidiocarp has been observed in one 
collection (B-333) where it measured 17.5 x 7.3 cm (Figure 
15) and showed no evidence of pileus formation. Basidio- 
carps developing along the lower portions of a ae may be 
temporarily resupinate in form (Figure 22), but when fully 
developed they become effused-reflexed. The fresh, moist 
basidiocarps of F. cajandert are leathery to corky in 
consistency, but when dry they become subflexible to rigid. 
‘The number of basidiocarps developing on a log or stump is 
variable. In some instances, over 20 basidiocarps have 
been observed growing in close proximity on a single log, 
but the usual number observed is 5-10 basidiocarps. Lteeis 
often difficult to distinguish between individual basidio- 
carps, since theyimay fuse laterally and become confluent 
(Figures 10, 11). Basidiocarps frequently overlap each 
other and form an imbricate structure (Figure 14). The 
basidiocarps develop on the barked and debarked portions 


of the wood. Barked wood generally bears a greater number 
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of basidiocarps, possibly due to the retention of favorable 
moisture levels in the wood by the bark. The basidiocarps 
develop from primordia that emerge through cracks and 
fissures in the bark. Figure 16 shows four sessile basidio- 
Carpe that have formed on the barked” portion ofa Loe, ~On 
debarked logs the basidiocarps develop in the large, 
horizontal cracks in the wood or from broken branch stubs. 
Basidiocarps that develop in the large cracks are often 
laterally fused (Figure 17) and may reach lengths of 20 cm. 
Formation of the basidiocarps generally occurs along the 
sides of a log. In some instances, basidiocarps may develop 
atone che LOWer porcitons Of a log lif 1t israised off the 
ground. These basidiocarps become effused-reflexed in form. 
Occasionally, the basidiocarps will form at the top portion 
of a log emerging from a crack or broken branch stub. These 
basidiocarps usually become sessile in form. Infrequently, 
a circular and applanate basidiocarp develops (Figure 12). 
The ends of cut logs occasionally bear basidiocarps which 
are typically sessile in form. 

The pileus surface of the basidiocarps is extremely 
variable in color depending on the stage of development and 
tne elrrects of weathering. Lnitially, the pileus (surtace 
is light-pink to pinkish-red. Later the surface becomes 
light to dark reddish-brown or reddish. In old basidio- 
carps that have overwintered, the pileus surface is 
weathered to shades of grayish-brown to grayish-black or 


black. Basidiocarps that have formed in exposed, sunny 
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sites are often bleached to grayish-white. Zonation of the 
pileus surface is variable and may be azonate (Figures 10, 
12) or zonate. The zones are due either to alternating 
light and dark bands of the pileus surface (Figures 13, 14) 
or to shallow furrows that form on the surface (Figure 18). 
Young basidiocarps have a finely and compactly tomentose 
pileus surface. In fully developed basidiocarps the surface 
becomes glabrous or radiately fibrillose (Figure 13). The 
tomentose surface may persist at the marginal regions 
(Figure 21) and in areas of renewed growth. The pileus 
surface can become hard and furrowed but it does not become 
incrusted at any stage. 

TNe™cotor or the pore surrace varies From=rosy—pink>to 
pinkish-red in newly formed pores to reddish-brown in the 
older’ pore areas. *The* pore surface is*even and plane in 
sessile basidiocarps but more irregular and hummocky in 
effused-reflexed basidiocarps. The pore mouths are 
circular’ to“sub=angular’in"shape; thick;°entire,”’and average 
4-6 per mm. In young basidiocarps the pore mouths tend 
to be round wad very thick-walled (Figure 22), but in fully 
developed basidiocarps the pore mouths are sub-angular and 
the pote walls thinner (Figure 20): The depth of the’ pores 
range from 0.5-2.0 mm for each growing season. The pores 
are shallowest at the edge of the marginal region and in 
young basidiocarps (abate 24) FP PStratificatton*® 1s°rarely 
observed in the pores. The older pores are often filled 


with hyphae giving a "white, stuffed" appearance (Figure 
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19). The pores of the effused-reflexed basidiocarps are 
frequently daedaloid in the effused portions of the pore 
surface (Figure 23). These pore mouths are elongated and 
the pore walls thin and somewhat wavy. A sterile lower 
margin is present at all stages of basidiocarp development. 
This lower margin is 0.5-2 mm wide and reaches its greatest 
width in young basidiocarps (Figure 22). The outer edge of 
the margin in young basidiocarps is broad and rounded while 
in fully developed basidiocarps the margin edge is thin and 
acute. 

The color of the context is variable and ranges from 
rosy-pink in the marginal regions to pinkish-brown, reddish- 
brown, or brown in the older regions. As Overholts (1953) 
has pointed out, the darker tinted context of F. ecajandert 
is ea character useful in distinguishing this species from 
F, roseus which has a silvery-pink context. The thickness 
of the context ranges from 1-12 mm. It is thinnest at 
the margin and gradually thickens when followed back from 
the margin edge. Measurements of the context thickness 
were taken two-thirds of the distance from the margin edge 
to the substrate. Zonation is often observed in the context 
(Figure 24). These re are thought to represent periodic 
spurts of radiate growth that occur during favorable grow- 
ing conditions. The edges of the zones are darker colored 
where growth has been halted temporarily. The firmness of 
the context ranges from soft and punky in the marginal 


regions to hard-corky in the older regions. When the 


ns ete agreoothtesd hesanae . be | 
; S3oq ofa to eqote eee: sai 2 9k 
1s Basegnole 516 adsvom ae ne un a , 
yewol sibrete A .Yvaw apdvewsa: Py an pe Se | 
- tratiqols veb qissotbisne to abgbae ie. 28, sesee7y, ee 
seossays ast asdoaet bees sbDain b=e. @. et Abarem, vowel 
to, S9H9 aethe sat . (S35 ‘Sdeght) agxesokbkead geuwcy ae: 
sitdw bebuves — bsatd 2t a al atin guyoy ok, ate 
bus dfds 21 sgbo nitgvem aay a aha bagoisyab. tte 


A on 

moti. eagmsy bas Sidsivey si aesanen ea do tolon —_ 
-inthbex ,twoxd-detdghg 09 enobgen Lantgese ods at Anh “% ¢ 
(L200), atindase0 eA .efotdet seat eg2 ak averd 10). aNeme 
pirebratas  .4 20 txvdoas Oaans3 te2ueh ade tuo ek vr 
wort agtouge. eit apiderpantie at Inteey fesoatado 
anSniotat pT .sxodwer Anke- aenev tis. aan Aotdy eens a 
jm Jeenratds et.9F uatior $e wort. senet ixasa0s. 

mor? togé bewetiol sadw- aneioiie eftanbara, bas | 
esantotds dxeztoo sft Te agasmexuneat -Sabs argxam 1 
aghs nigven ofl moxt memeTeOe AAD Te! Ohaao- oma, epran. 
igemros any ph hevraedo i920, i mohtenos, eas! J 


vtborweq ekioael ta shane? 46 gon0s seedt .cAt! ae | 


he 
‘at 


Ro pangaat? aut “cknadasnses bealad vosd esd, 
bs anal paaiet, + aug ig a mont -aogast 


47 


context is touched with a drop of 5% aqueous KOH solution, 
the tissue immediately turns black. 

Collections of F. cajandert have been found growing 
saprophytically, usually on conifer logs and stumps. A 
list of the collections of the fungi examined from various 
subetrates is given in Table lsg In Alberta 4the great 
majority of specimens were collected on conifers, 
particularly Ptcea. A number of collections have been 
found on Pinus and two collections were noted on Populus. 
Fifteen collections were examined from unclassified conifer 
wood in which the substrate could not be identified. 
Specimens examined from Ottawa were collected from a variety 
Gtyscubstrates. They included Picea, Pinus, Populus; Larix, 
Abies, Pseudotsuga, Thuja, Tsuga, and Prunus. nee Ottawa 
specimen growing on Populus (DAOM 52060) produced a typical 
brown cubical rot of the sapwood (Figure 4). Basidiocarps 
of F. cajandert grow most abundantly in fairly moist 
conditions, usually on barked logs that are partly shaded. 
When collected from exposed, debarked logs the basidiocarps 
are typically smaller and fewer in number. The pileus 
Suriace iG also,lsagnter colored in the drier ™@sites: 

A general description of the macroscopic features of 
F. cajandert basidiocarps examined is given below. 

Basidiocarps sessile to effused-reflexed, occasionally 
resupinate when young but later becoming effused-reflexed; 
consistency when fresh leathery to corky, when dry 


subflexible to rigid; pileus applanate to convex, dimidiate, 
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Table 1. Collections of F. cajandert examined from various 


substrates. 


DOE ave Research 
Substrate | Herbarium Collections DAOM* 
Pteea ig | 38 1 
Ptnus 8 5 z 
Populus 0 Z 1 
Lartx 0 0 2 
Abtes 0 0 at 
Pseudotsuga a 0 ) 1 
Thuja 0 0 1 
[suga 0 Oa Ba 
Prunus 0 0 1 
Conifer wood 7 8 0 


(unclassified) 


* Mycological Herbarium at Ottawa. 
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49 
somewhat ungulate when young; size 0.5-3.5 x 0.8-12.5 x 0.3- 


2.4 cm, when laterally fused reaching 20 cm in length; 
pileus surface color initially light-pink to pinkish-red, 
later light to dark reddish-brown or reddish, becoming 
grayish-white, grayish-brown or black, surface at first 
finely and compactly tomentose, especially at marginal 
regions and areas of renewed growth, gradually becoming 
glabrous or radiately-fibrillose, surface azonate or zonate, 
zones due to light and dark colored bands or shallow 
furrows, no incrustation at any stage; margin broad and 
rounded when young, later becoming thin and acute, lower 
sterile margin always present, 0.5-2 mm wide; pore surface 
rosy-pink to pinkish-red at first, later reddish-brown, 
surface even and plane to irregular and hinbbek v4 pore 
mouths round and thick-walled when young, sub-angular and 
thinner-walled when fully developed, pores of effused- 
reflexed basidiocarps daedaloid on effused portions, pores 
average 4-6 per mm, pore depth 0.5-2 mm per growing season, 
stratification rarely observed, older pores often "white, 
stuffed"; context rosy-pink, pinkish-brown in marginal 
regions, reddish-brown to brown in older regions, context 
1.0-12 mm thick, often zonate, firmness of context soft, 


punky to hard-corky, context turns immediately black when 


touched with KOH. 


b. The primordium 
The dense aggregations of mycelium in the tracheids 


give rise to the basidiocarp initial or primordium that 
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50 
forms at the surface of the wood or on the bark. The 
primordium is considered here to be the first stage of 
basidiocarp development. During this stage the mycelial 
mass emerges from the wood and develops into a compact 
structure, but has not differentiated to form a pore surface. 
The mycelium in the wood emerges through a crack in the 
wood or bark (Figure 25) and grows outward ina radial 
manner. The size of the primordium is variable, from 
2-9 mm across and 1.5-4 mm in thickness. The primordium 
is hemispherical in shape (Figure 26) and light to dark 
reddish-pink colored when it first emerges from the wood. 
Later, the color becomes reddish-brown to medium-—-brown. 

The surface is tomentose to glabrous in character. The 
transition from the vegetative mycelium in the wood to the 
generative and skeletal hyphae in the primordium is not 
distinct. In the tracheids immediately below the 
primordium dense aggregations of brown-colored, aseptate, 
thick-walled hyphae and thin-walled, hyaline, clamped 
hyphae are observed. The outward growth of hyphae from 
these aggregations through cracks in the wood or bark 
results in the formation of the basidiocarp primordium. 

The hyphae in the primordium are not in strict parallel 
alignment but they do grow outward in a radial manner 
(Figure 27). Two types of hyphae are found in the 
primordium: the generative hyphae and the skeletal hyphae. 
The generative hyphae are granular appearing, 1.7-3.3 u 


in diameter, occasionally branched, and have clamp 
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connections at each septum. The walls are thin and hyaline. 
The skeletal hyphae, which are the predominant hyphae in the 
primordium, are refractive, aseptate, 2.2-5.5 uw in diameter, 
and thick-walled. The lumina are narrow, lightly stained 
with phloxine, and nearly occluded by the hyphal walls 
which fare *O.$=-FsPef+thick?* The proximal and apical portions 
of the "“skePetal thyphac “dre thinner in wall’ thickness “and fthe 
lumina are wider. Branching is sparse on these hyphae. 
The reddish-pink color of the primordium appears to 
dbdgtin awe in the walls of the skeletal hyphae. These walls 
are yellowish-brown colored and refractive (shiny-appearing) 
when observed microscopically. The reddish-pink color is 
apparent when the skeletal hyphae are observed collectively. 
The primordial stage is infrequently found in the 
field, since soon after emergence and formation pore 
development begins. The size of the primordium when pore 
development starts may be as small as 4-6 mm across and 
2-4 mm thick. The developing pileus surface ig variable in 
color, from pinkish-red to dark reddish-brown. The 
surface may be glabrous or finely tomentose and rugulose 
(Figure 28). The developing pore surface is light-pink or 
pink. The young pores are thick-walled, very shallow in 
cept hi, circular im ighage , and the marginal region is 


rounded and blunt. 


e¢. Microstructure of the basidiocarp 
In describing the microstructure of the basidiocarp 


four major regions will be examined. They are the margin, 
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the context, the pileus surface, and the dissepiment regions. 
The different types of hyphae found in these regions will be 
described as to their morphology and development. Figure 

29 shows these regions in a vertical section of a F. 
cajandert basidiocarp. 

i. The marginal region 

In the marginal region of the developing basidiocarp, 
up to between 2000 and 3000 uw back from the outer edge of 
the basidiocarp, there are two types of hyphae, the gener- 
ative hyphae and the skeletal hyphae. The generative hyphae 
are abundantly clamped, thin-walled, occasionally to 
frequently branched, and 1.5-3.0 ww in diameter. The 
branches arise near or directly from the clamp connections 
(Figure,30)...The generative hyphae are.found,throughout 
the marginal region, evenly distributed among the skeletal 
hyphae, and growing in the same direction. Occasionally, 
small "islands" of generative hyphae are observed in a 
dense mass among the skeletal hyphae. 

The skeletal hyphae are aseptate, long, flexuous, 
infrequently,branched,.and.2.2-545 Ur-in-diameter..~,Develop- 
ing skeletal hyphae are frequently observed in the margin. 
Often the proximal end of these hyphae is still attached to 
the generative hypha by the clamp connection (Figure 31). 
The cytoplasm in the apical ends of the developing skeletal 
hyphae stains deeply with phloxine and appears granular. 

The hyphal walls are thin in the apical portions and may 


remain so for over 100 uw back from the growing apex. In 
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the very early stages of development skeletal hyphae may 
have thin walls throughout their entire length. These 
hyphae are usually less than 100 wp long. In developing 
skeletal hyphae, longer than 100 un, the hyphal walls 
gradually thicken and become brown-colored and refractive 
as they are followed back from the apical end to the 
proximal end. Asa skeletal hypha begins its growth from 

a generative hypha its diameter is the same as the gener- 
ative hypha, but as growth continues the diameter gradually 
increases. A developing skeletal hypha may begin growth 
from the generative hypha with a diameter of 2.3 uw and 
eventually reach @a- diameter of, 5,5 Uo in the-apical portions. 
The length of the developing skeletal hypha varies depend- 
ing on the stage of development. In the marginal region 
lengths range from less than 100 U to more than 740 U. 
Occasionally, a developing skeletal hypha in the margin has 
two or three branches forming at the ee ee de These 
branches are slightly narrower than the main hypha from 
which they arose. The growth form of the branches may be 
quite tortuous and contorted. The branches have no clamp 
eonnect ions. ore septa ands thei7y walls are thick, refractive, 
and brown-colored. Branch lengths have been measured up to 
250 uw. In the-marginal region the skeletal hyphae have all 
originated as terminal cells of the thin-walled generative 
hyphae. New skeletal hyphae are continually being formed 
from the generative hyphae as the margin grows outward in a 


radiate fashion. The skeletal hyphae are arranged in 
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parallel alignment in the margin which provides support to 
the generative hyphae and gives the basidiocarp rigidity 
and form (Figure 3:2). 

TP. The “context reeton 

In the context region, beginning approximately 3000 u 
back from the outer edge of the basidiocarp, the generative 
hyphae usually develop irregularly thickened walls and the 
lumen becomes narrow and partially occluded. The first 
Ppalcation of ywall thickenine is the swollen, solid appear- 
ance of the clamp connections. The swollen appearance of 
the clamp ere mer gives the impression of a ball-and- 
Beer at arrangement. Small, solid, and refractive protuber- 
ances will occasionally form along the hyphal walls. 
Eventually, most of the hyphal wall becomes irregularly 
thickened so that the lumen is seen as a narrow, sinuous 
Pine running iftom Sidewto side in the hypha. « They irregular— 
ly thickened hyphae are tortuous and contorted in form, 
20-70 u invdiameter, and {frequently branched , (Figure 33).. 
One feature of these hyphae is their marked tendency to 
separate at the clamp connections (Figure 34). There 
appears to be little solid attachment of the adjacent 
hyphal cells on either side of the clamp connection. The 
hyphae frequently break at the clamp connections leaving 
one hyphal cell with the hooked portion of the clamp. There 
is no definite orientation of the irregularly thickened 
generative hyphae in the context. They are usually densely 


massed together and intertangled with each other. These 
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hyphae are abundant throughout the context region and 
"islands" of them will be observed among the skeletal hyphae. 

Thin«walled generative hyphae are infrequent in the 
context region as most of them appear to have developed into 
the irregularly thickened generative hyphae. The thin- 
walled hyphae are frequently branched, 1.5-3.0 uw in 
diameter, but more contorted and tortuous in form than those 
seen in the marginal region. The cells of these hyphae 
are occasionally seen devoid of contents and hyaline in 
appearance. 

The skeletal hyphae in the context are long, flexuous, 
and arranged in a longitudinal direction radiately outward 
(Figure 36). Some skeletal hyphae interweave across the 
main direction of growth: these hyphae are contorted and 
tortuous in form. The skeletal hyphae are sei o es u in 
Gianetber, aseptace, With mypnal walls ,0.6-1'.1 p thicksy The 
lumen is narrow and appears granular, staining lightly with 
phlexine. |The walls are refractive and light to dark 
yellowish-brown. The skeletal hyphae are the dominant 
hyphae in oe context. They have developed in the marginal 
region from the thin-walled generative hyphae. As the 
margin continues to grow outwards, the developing skeletal 
hyphae mature. They develop thick, refractive walls and 
the lumen contents gradually disappear. The mature 
skeletal hyphae in the context provide the supporting 
elements of the basidiocarp. The majority of the skeletal 


hyphae are unbranched along their entire length which can 
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neach»1700 114 a) Buanches xthat..do.formimay .be.found,.in the 
central portions of the hyphae or at the apical portions... 
Teixeira .~.G1962), hasireferred to.skeLetal hyphae that form 
branches at the ends as "arboriform" hyphae because of their 
tree-like a ea Cee Figure 35 shows the branched end of 
one such skeletal hypha. The diameter of the branches is 
slightly narrower than the main hyphae. The branches at 
thehapical portions are not in parallel alignment, but 
weave in and out among the other skeletal hyphae. Due to 
the restricted growth among the skeletal hyphae, the growth 
form of the branches may become quite tortuous. The 
number of branches formed on a particular skeletal hypha 
can vary from one to five. In some instances the branching 
may be dichotomous, but this occurs infrequently. The 
contorted and tortuous branches of the skeletal hyphae may 
function as binding elements that serve to hold together 
the other hyphae in a compact, firm mass. 

LiL» ThespiLeus ysurface 

The pileus surface of the marginal regions in the 
developing basidiocarps and in basidiocarps where renewed 
growth has occurred (Figure 29) is reddish-pink colored. 
It is finely tomentose and consists of small tufts of 
skeletal and generative hyphae that grow diagonally or 
perpendicularly from the pileus surface. The generative 
hyphae are thin-walled, hyaline, abundantly clamped, 
frequently branched, and 2.2-3.3 uw sin diameter. These 


hyphae are occasionally observed among the skeletal hyphae 


ae 
mt) ok bawet ad) sit 
pavkaze4 sa 2q Sat a6" none 


ae 
sin o% jada geile gil Ladaaanic | | 
tieda Yo Silvas ogelepy al “are 
to bes bertorsid ala waite. ees | 
dt gadadard ads Fp ci oat : 
jg padoeard ont sade nea acy a xowsieran 
aud ,vhommgitia Leiisteq mF ton ops. baad sme te 


or oe@ .sedgyd Seaaledss aaah oda) ‘gaps ale: we ae 
dizwoxg said audaed iavalsie ott waniees dowots basob ad 9: 


. th i) 


edt ,avovdyos sitep smonsd: baat ania fe) a 
siqus Leasiade PRiTeNT eS a Srseheneneanae pox ! 


hetnitad Seige tins ay ae 
20 qd ius Hise ts sh 
t 

=o ei tenderly wate aatte, | 
evisaersase sil 9a 10 | 
(beqaists cies a 
_ weal 194 5MB EB, ir Ese 
: a vs ne 

a Bs r¢ Zt 


oe 
\ 


as 
’ 
- 


| Ietoaledte,, saz. 


ae 
oa 


a 


57 


in dense "islands". The generative hyphae are not in 
definite parallel alignment but are intertangled and 
interwoven with each other. The skeletal hyphae are thick- 
walled, aseptate, light brown-colored, refractive, and 2.2- 
5.5 w in diameter. Branching is very sparse and irregular, 
with branch lengths usually of 30-50 u. The diameters of 
the branches is the same or slightly narrower than the main 
hyphae. 

In the older parts of the basidiocarp the pileus 
surface becomes reddish-brown to light-brown in color and 
is glabrous. Zonation in which light and dark areas are 
formed over the surface may also occur. The skeletal 
hyphae predominate in the glabrous, zonate pileus surface. 
They are no longer in tufts but are agglutinated to form a 
compact, firm mass (Figure 37). The hyphae are similar in 
form and size to the skeletal hyphae of the marginal 
regions, but they differ in color. The skeletal hyphae in 
the older areas are very dark reddish-brown. This color is 
due to their dark hyphal walls, dark reddish-brown hyphal 
contents, and a dark-brown amorphous substance often seen 
among the hyphae. The intensified reddish-brown color of 
the hyphae results in zones that form at the pileus surface 
and in thecontext region (Figure 38). The zones appear to 
form as a result of unfavorable growth conditions such as 
high temperatures, desiccation, or very high light levels 
which may halt temporarily the radiate growth of the margin. 


The color of the hyphae at the pileus surface and margin 
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becomes intensified as a result of pigmentation of the 
hyphal jails and cytoplasm. A dark-colored amorphous 
substance may be produced by the hyphae at this time. When 
favorable growth conditions return, new skeletal hyphae 
develop behind the old hyphae and grow past them to form a 
new margin. If the old skeletal hyphae have not been killed, 
there may be renewed growth at each hyphal tip which results 
ma heon struc tibon, to nthe ihyphawGF igure +3:9)ian The rcons tric 
tion forms because only the very apical portion of the hypha 
starts to grow. Possibly this is due to the hyphal wall 
being thinnest at that point. 

In the oldest regions of the pileus surface, the 
action of weathering may bleach the color to a shade of 
grayish-white. _ ‘The skeletal hyphae in these areas have 
Litthe tor mo «color yimethe upper 30-100: p portions of their 
apices (Figure 40). Furthermore, the amorphous substance 
surrounding the skeletal hyphae has lost its brown color. 

iv. The dissepiments 

From the edge of the developing basidiocarp back to 
between 500 and 2000 u, the margin is sterile. At the 
inner edge of this lower, sterile area rechee development 
begins (Figure 41). The pore walls are composed of genera- 
tive and skeletal hyphae. The development of the skeletal 
hyphae is similar to that in the outer edge of the margin. 
Thin-walled generative hyphae begin to grow downwards with 
skeletal hyphae developing from their dar ntnia i ceilibe:t.o cTive 
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marginal region that shows positive geotropic response. In 
precisely defined areas of the lower surface, skeletal and 
generative hyphae grow downwards while in other areas, there 
is little or no downward growth of hyphae. This results in 
the formation of pores. The downward growth of the genera- 
tive and developing skeletal hyphae is not in a definite 
parallel alignment: the hyphae interweave among each other 
as they grow in a general downward direction (Figure 42). 
The skeletal hyphae in the dissepiments are more 
contorted and tortuous in form than the skeletal hyphae in 
the context. They do not show dering telve raieet alignment, 
although growth is downward in a longitudinal direction. 
The hyphae are thick-walled, refractive, brown-colored, and 
1./-3.9 w in diameter which is slightly narrower than the 
context skeletal hyphae. The lumen is partly occluded and 
clamp connections are not present except where the skeletal 
hypha is still attached to a generative hypha. Branched 
skeletal hyphae are occasionally observed in the dissepi- 
“fhefites These branched hyphae arise from the thin-walled 
generative hyphae in the same manner as those in the 
marginal region. However, the main portion of the skeletal 
hypha giving rise to the branches is not as long and 
flexuous a the skeletal hyphae in the context. The 
branched, skeletal hyphae of the dissepiments appear to have 
ahnbinddagifunctdiontin thatothey hold the rest of the hyphae 
in a coherent, tight mass. In Figure 43 the straighter and 


wider main portion of a skeletal hypha can be compared to 


boo teiokeds dinadiaell 
sighs ,e@ReeR IeZo mt er 
ch etiags+ ahi a no. 


siinkieb S wb Vom ahr Peter st 


; 
is " 
Tire 4 


tette dosy sons eabiieih snes = 


s10m 996 aa data ala koala tasninteonth 
nt sedqyat tis hes ea aid ante yarn nk Bow Peo bas. 
. 2am lin ieofiiexrsq atbabihet wore fou ob qgar ane ™ 


* 7 
i oe 
: f Py ae y 


sobkssorth. ipakbeatgaps )s), = Sapwiteod oh doworgss sued 
bas ,»beavosoo-nrwaed Perer ers Helievatd his re , Ki 
ait eds taveetam vitagife et, Honaty sodomath at st 
bos tehutone “Yisesq et caus baad aaiget cern 
latetsde sfo axvedwv Jqecee THORS TH:, taal an? 
bedooets .sdqyd evi sabsisg! * ea | 
-iqsashb offs wh bavisade yils 


ond at enous aA. oon ote ses ae Badia ove 
fetgteds its ae panne ate ate sands | peate = 


Pe: a otxpdned i iaditale | 
“giree of Teeqes: — ae | 
a eet¢ud 24d to 22680 ag: vi 
baw myeels Sse ote: 8 A it el, 
93 Born quds oad nae em: 


60 


the narrower, more contorted branched portion. 

The generative hyphae observed in the dissepiments 
were of the thin-walled and irregularly thickened types, 
but the irregularly thickened type was infrequently seen. 
The thin-walled hyphae are 1.7-2.3 uw in diameter and are 
frequently branched, usually near the clamp connections. 
The hyphal contents stain deeply with phloxine but appear 
hyaline when unstained. The form of the hyphae is contort- 
ed and tortuous and they are frequently seen among the 
skeletal hyphae. The generative hyphae are abundant along 
the edge of the pore walls where they give rise to the 
basidia that form the hymenial surface. 

The basidia form as terminal cells of the generative 
hyphae. A palisade layer of basidia develops along the 
pore walls. The basidia are clavate-shaped, thin-walled, 
hyaline, 10-1622 x73,0=5.0 7 invsize, and clamped at their 
base (Figure 44). They bear four sterigmata which are 
slender and 2.7-3.9 uw long. Immature basidiospores are 
infrequently observed on the sterigmata. The mature 
Pet teas are narrow-cylindric, hyaline, smooth-walled, 
slightly curved at one end, and measure 4.0-7.0 x 1.5-2.0 
(-2..3) uu (Figure 45). The basidia line the entire pore 
wall except for the outer, lower edge where the skeletal 
hyphae protrude. Even before the pore walls have reached 
their maximum length, the basidia already line the walls. 

The upper parts of the older pores are often filled 


with thin-walled generative hyphae that are devoid of 
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contents (Figure 46). The presence of these generative 
hyphae gives the pores a "white, stuffed" appearance when 
viewed with the naked eye. It appears that hyphae grow 
into the pore space from generative hyphae lining the pore 
walls and directly from sterile basidia in the stuffed 
areas. Fertile basidia have not been observed in the 
stuffed portions of the pores. The function or reason for 


the stuffed pores is not known. 
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Figure l. 


Figure. 


Figure 3% 


Branching hyphae growing through the lumina of 
tracheids in pine wood. Note the longitudinal 


direction’ of growth. aex2 tou 


Tracheids penetrated by hyphae via the bordered 
pits. ‘The lowermost hypha has branched upon 


emergence from the bordered pit. X695. 


Dense hyphal aggregations in the tracheids near 


thevipayerce ial sts eco. 
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Figure 4. 


Figure 5. 


Figure 6. 


Brown cubical rot of Populus wood from Ottawa 


collection. “DAOM@5>2Z060 uu. 2. 


Brown rot of conifer wood showing cubes that 


crumble easily. X7.4. 


Tracheids near the wood surface completely 
filled by dense masses of thick-walled 


hyphae. X695. 
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Figure 7. 


Figureso. 


Figure, 9% 


Thin, dark stain Wines. Gacrows) in iwood 


beneath Ff. cajandert bastatocarps.. LoL. 


Broad, dark stained area) Carrow) in wood 
infected by F. cagandert. Note the irregular 


edges of the stained area. X1.6. 


Tracheids at the edge of stained area filled 
with dense hyphal aggregations composed of 


dark-brown, thick-walled hyphae. X64.5. 
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Figure 10. 


Figure 1b. 


Figure U2. 


Laterally fused and confluent sessile basidio- 


carps. B-191. sx0@s0.. 


Fully developed, effused-reflexed basidiocarps. 


B=166,0 ROO 


Circular, applanate basidiocarp from Ottawa 


collection: DAOMM@I25> E47. 0.G). 
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Figure 13. 


Figure 14. 


Figurev vo. 


Fully developed, sessile, convex basidiocarps. 
Note the zonate, radiately fibrillose pileus 


surface. “B=128. 2x0 >c0. 


Fully developed, imbricate basidiocarps. Note 
the zonation of the pileus surface. B-3, 


XO0.80. 


Fully developed, resupinate basidiocarp that 
formed on the underside of a spruce log. 
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Figure 16. 


Figure (77 


Figure 23% 


Sessile basidiocarps developing on the barked 


portion of-a‘scontier loge @b-204, ~XOsho. 


Fully developed, sessile basidiocarp growing 
in a large crack of a debarked log. Note the 
lateral fusing of the basidiocarp. The craenrs 
in the pileus formed when the specimen was 


dried tor herbarium wuseg b-194,). X0.55. 


Sessile, convex basidiocarp. The zones on the 
pileus surface are formed by shallow furrows. 
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Figure 19. Cross-section of a sessile, convex basidiocarp 
showing the conchate form. Note the "white, 
stuffed" appearance of the older pores (arrow). 


B=128 , 20500. 


Figure 20% Pore surface of a fully developed basidiocarp. 
Note the sub-angular pore mouths and the 


sterile margin tovtthemrmicait. 9 X7.54> 


Ficure 7240. Tomentose marginal region of a developing 


basidiocarp. X774. 
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Figure, 22; 


Figure 237 


Figure 24, 


Developing basidiocarp showing temporary 
resupinate form. Note the round, thick-walled 


pores and the wide sterile margin. X7.4. 


Developing effused-reflexed basidiocarp. Note 
the daedaloid pores of the effused portion. 


XW oar. 


Cross-section of a developing basidiocarp with 
round margin edge and shallow pores. Note 


the zonation in thermeontesc. 1) 44.4. 
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Figure 267, 


Figure 27); 


Figure 28. 


Figure 29. 


Mycelium near the wood surface emerging 


through ‘alenackiin (the) Danke 4 9), 


Small, hemispherical primordium emerging 
through at‘icrack in thevbark. Note “the Ligue 
colored, -compact surfacevof the primordium, 


X04 


Section through a primordium showing the 


outward growth in a radial manner. X49. 


Primordium with a finely tomentose, rugulose 
surface. The upper surface is dark reddish- 
brown while the margin and lower surface are 


ise bites panics.) | XS. 


Vertical) section (through a\ibasidiocarp of (F. 
cajandert showing the four regions examined. 
Note the renewed growth in the marginal 


mec tons.) 155 .6:, 


M - margin. 
Ci=(context. 
P - pileus surface. 


D - dissepiments. 
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Figure 30. 


Figure 31. 


Figune gs 2: 


Generative hypha from the marginal region 
showing a branch arising directly from clamp 


eonnec.tion.) (x1450. 


Developing skeletal hypha (arrow) showing the 
proximal end attached to generative hypha by 


clamp connection. i XxT4505 


Parallel arrangement of developing skeletal 


hyphae in the marginal region. X64.5. 
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Figure 


Figure 


Figure 


Figure 


33% 


ohede 


Generative hyphae showing irregularly thickened 
walls and contorted, tortuous growth form. 


X1450. 


Broken generative hypha with hooked portion of 


clamp connection (arrow). X1450. 


Branched end of a skeletal hypha from the 


context region. X1450. 


Long, flexuous skeletal hyphae in parallel 


alignment in the context region. X347. 
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Figure 37. 


Figure 38. 


Figure 39x. 


Compact, firm mass of agglutinated skeletal 


hyphae at the pileus surface. X180. 


Cross-section of pileus surface and context 
showing zones. Hyphae in the dark areas are 


dark reddish-brown. X64.5. 


Skeletal hypha from pileus surface showing a 
constriction where growth was halted 


temporarily. xX1480. 
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Figure 40. 


Figure 41. 


Skeletal hyphae at the pileus surface. Note 
the colorless, refractive hyphal walls and the 
dark pigmented walls approximately 50 wu below. 


X580. 


Beginning of pore development at the inner 


edge of the lower sterile margin. X215. 
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Figure 42. Skeletal hyphae of the dissepiments. Note the 
interweaving and the slightly narrower dia- 
meter of the hyphae compared to the context 


skeletal hyphae. X215. 


Figure 43. Skeletal hypha from the dissepiments. The 
straighter, wider hypha forms the main portion 


of the narrower, more contorted branch. §“X370ue 
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Figure 44. 


Figure 45. 


Figure 46. 


Clavate, thin-walled, immature basidia. Each 


basidium bears a clamp connection at its base. 


X1480. 


F. cajandert basidiospores stained with 
phloxine. Note the narrow-cylindric shape, 


slight curve at one end, and smooth walls. 


X1480. 


Older pores of basidiocarp stuffed with thin- 


walled generative hyphae. X64.5. 
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B. Development of mycelium and basidiocarps in culture 


in the descriptions of the mycelium and basidiocarps 
formed in culture, the terms of Nobles (1958, 1965) were 
used to describe the macroscopic and microscopic characters. 
Nodose-septate hyphae are hyphae bearing clamp connections. 
The hyphal walls may be thin or thick. Fiber hyphae are 
"hyphae with thick refractive walls, hyaline or brown, and 
lumina narrow or apparently lacking." These hyphae "arise 
usually as the elongated terminal cell of a hypha and are 
thus aseptate." Branching may be absent, rare, or frequent. 
The term refractive is used here to describe hyphae whose 


walls are shiny-appearing and unstained with phloxine. 


1. Growth of the vegetative mycelium 

For each of the three types of cultures the growth 
and structure of the vegetative mycelium will be described 
in two sections: macroscopic characters and microscopic 
characters. The vegetative or assimilative mycelium is 
considered here to be the growing or nutrient-absorbing 
mycelium. Hyphal swellings on the thin-walled hyphae 
called chlamydospores in this thesis will be described 


with the vegetative mycelium. 


a. Agar Culture - Macroscopic characters 

The initial erowth of the vegetative mycelium in agar. 
culture is cottony to cottony-floccose, moderately dense, 
and white. The colony edge is uneven and consists of fine, 


branching hyphae that grow in a radiate manner. These 
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hyphae are flat on the agar and are difficult to see unless 
pbserved against a bright light. The cottony to eee ay 
floccose aerial mycelium forms within 2-3 mm of the colony 
edge. The general appearance of the mycelium remains the 
same until the colony covers the Petri plate. The growth 
rate of F. cajandert is moderate. At room temperature 

8.5 cm plastic Petri plates are covered within 18 days 
While. 9 om, glass Petri rales are covered within 20 days. 
Once the ee has been nearly covered a change in the 
appearance of the mycelium occurs. At the plate edges the 
mycelium becomes dense, thick, compact, and felty. fThe 
amount of change that occurs is variable and may range from 
alight, increase sgn mycetial density (Figure.4.9) .to 2 
large increase in mycelial density (Figure 50). The felty 
mycelium becomes light-pink to pinkish-brown colored while 
the cottony to cottony-floccose mycelium in the central 
portions remains white. The width of the compact, felty 
areas ranges from less than 0.5 cm to 3 cm. The mycelium 
at the plate edges may remain cottony to cottony-floccose 
and white with only scattered portions of the mycelium 
becoming dense and felty. In some instances the mycelium 
may form felty, compact areas on the Petri plate walls. 
The felty areas of mycelium are considered to be primordia 
since pore development occurs there. The structure of 
these areas will be discussed fate section on fruiting 
dexelopment, imiagarj»cultune.. The, agar below ,.the cultures 


does not become discolored and there is no oxidase reaction. 
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Bive*odor of *the*cultures”is*fragrant and “te [ree sweet 
apples. 

Microscopic characters 

The mycelium at the edge of the agar cultures is 
composed of thin-walled, nodose-septate hyphae that are 
frequently branched and of variable diameter ranging from 
1.4-4.2 uw. Branches occur along all parts of the hyphae 
and are the same diameter or slightly narrower than the 
main hyphae. The contents of the hyphae are granular 
appearing, homogeneous, and hyaline when unstained. The 
hyphae are growing on the agar surface and submerged 
slightly in the agar. Within 2-3 mm of the front edge of 
the cultures aerial mycelium has developed. This mycelium 
is composed of nodose-septate hyphae and fiber hyphae. The 
nodose-septate hyphae are thin-walled, granular appearing, 
abundantly clamped, and frequently branched. They range in 
diameter from 1.1-2.8 (-3.3) wu. These hyphae are not 
organized in any arrangement but are intertangled with each 
other and the fiber hyphae. The fiber hyphae near the edge 
of the mycelium are occasionally seen still attached to the 
thin-walled, nodose-septate hyphae from which they arose. 
A fiber hypha develops from a thin-walled, nodose-septate 
hypha “as a'"fong;"fféxtouws /"iyaline; "granular appéaring ; 
aséptate términal cell?’ The’ diameter Yor -the"developing 
fiber hypha is initially the same as that of the nodose- 
géptatetvhypha from which itt fs~arisingy” As“the developing 


fiber hypha grows, its diameter gradually increases until 
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it reaches a diameter 2-3 times that of the nodose-septate 
hypha. In a developing fiber hypha measuring over 590 u 

in length the proximal end was 1.5 U in diameter while the 
central and apical portions were 2.5 u in diameter. Wall 
thickeningi occurs in the developing fiber hypha when it is 
50-100 yu in length. The central portions of the fiber 
hypha thicken first and this process continues towards each 
end of the hypha. As wall thickening occurs the lumen 
becomes narrower and the contents appear as faintly stained 
areas in the hypha (Figure 51). The thickened walls appear 
refractive, colorless, and may reach 1.0 wp in thickness. 
When the fiber hypha is fully developed it may measure 

over 1500 wp in length. The apical and proximal ends of the 
fiber hypha are not as thick-walled as the central portions 
although the lumen is narrow and lightly stained. In the 
central portions of the fiber hypha the lumen may be 
completely occluded or reduced to a very thin, granular 
appearing, faintly stained line running down the center 

of the hypha. Branching occasionally occurs at the apical 
end of the fiber hypha (Figure 52) or in the central 
portions. Two to four branches may arise from a fiber 
hypha. The branches are the same diameter or slightly 
Narrower than the main hypha from which they arose. The 
branches may reach lengths of over 150 uw. The hyphal walls 
and lumen contents of the branches are similar to the main 
fiber hypha. In the aerial mycelium the fiber hyphae are 


the predominant hyphal type observed. These hyphae are 
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long, flexuous, and loosely intertangled and interwoven 
with each other and the nodose-septate hyphae (Figure 53). 
The intertangled and interwoven fiber hyphae and nodose- 
septate hyphae are eee poneih vemeer the cottony to cottony- 
Eloccose texture.of the central,areas of),the. aerial. mycelium. 
The nodose-septate hyphae in the central portions of 
the aerial mycelium are thin-walled or irregularly thick- 
ened. The thin-walled, nodose-septate hyphae are similar 
in appearance to the nodose-septate hyphae observed near the 
edge of the mycelium. The hyphae are granular appearing, 
1.1-3.3 uw in diameter, abundantly clamped, frequently 
branched, and hyaline when unstained. They do not show any 
organization but are loosely intertangled and interwoven 
among the fiber hyphae and the irregularly thickened, 
nodose-septate hyphae. In the aerial mycelium the 
irregularly thickened, nodose-septate hyphae (Figures 54, 
55) are frequently observed. These hyphae develop from 
the thin-walled, nodose-septate hyphae. The first 
indications of wall thickening are the clamp connections 
becoming swollen, solid, and refractive and the formation 
of short, solid, refractive protuberances along the hyphal 
walls. The walls later become irregularly thickened so 
that the lumen appears narrow and sinuous. The lumen 
contents are granular appearing and stain deeply with 
phloxine while the thickened walls are colorless. The 
irregularly thickened, nodose-septate hyphae are 1.7-4.2 u 


in diameter, frequently branched, and abundantly clamped. 
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The hyphae often become separated at the clamp connections 
where attachment appears to be weak. Hyphal ends are 
frequently seen bearing the hook portion of a broken clamp 
connection (Figure 54). The swollen, thick-walled clamp 
connections suggest the appearance of a ball-and-socket 
structure as Nobles (1965) has observed. The irregularly 
thickened, nodose-septate hyphae in the aerial mycelium 
are in scattered "islands" intertangled among the thin- 
walled, nodose-septate hyphae and the fiber hyphae. 

The submerged mycelium is composed of thin-walled, 
nodose-septate hyphae that are profusely branched, 
abundantly clamped, 1.4-4.2 wp in diameter, granular 
appearing, and deeply stained with phloxine (Figure 56). 
The hyphae are hyaline when unstained. In older cultures 
irregularly thickened, nodose-septate hyphae are frequently 
observed in the submerged mycelium. These hyphae are 
identical to the irregularly thickened hyphae of the aerial 
mycelium. Chlamydospores are occasionally observed among 
the submerged mycelium. They occur frequently in some 
fsolates and rarery or not at ‘all “in other tsolfates.” The 
chlamydospores are elongate to ellipsoidal in shape, 13.2- 
2/92 S267 eo 1 an size, thin-walled, pranular appearing, 
and deeply stained with phloxine (Figure 57). They are 
hyaline when unstained. The chlamydospores form as inter- 


calary cells in the thin-walled, nodose-septate hyphae. 


b. Still culture = Macroscopic characters 


In all still cultures the inoculum plug sank soon 
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after inoculation and remained submerged throughout the 
incubation period. The first 7-10 days of growth produces 
only submerged mycelium which forms a spherical, dense, 
yellowish mass around the inoculum plug. The submerged 
mycelium is fragile and teases apart readily. The malt 
extract medium is clear and yellow which gives the mycelium 
a yellowish tinge. The submerged mycelium appears white 
when observed in distilled water. After 14 days of growth 
the submerged mycelium has increased in size, measuring up 
to 4 cm across. The mycelium is in irregular, somewhat 
spherical masses with ragged and uneven edges. In the great 
majority of flasks two or more masses of mycelium had 
developed. They had started from fragments of mycelium 
that had separated from the main inoculum mass. 

Floating mats of aerial mycelium have developed by 
this time and are formed when the submerged mycelium meets 
the. liquid-air interface of the medium. The margins of the 
floating mats are very irregular and sparse. The central 
portions are denser, powdery to floccose in texture and 
elite in color (Figure 58). The liquid medium remains clear 
and yellowish with no evidence of discoloration. The odor 
of *thé \éubturesyisefragrant*and«isvlikessweet (apples: After 
25 days of growth the aerial mycelium covers 1/3 to 1/2 
of the medium surface (Figure 59). The margins of the mats 
rémain’sparse, white, and thin while the central portions 
are thickerj densetr,sand»cottony*to cottony-floccose,in 


texture. Most of the mycelium is white except where small, 
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hemispherical mounds of mycelium have formed. The mycelial 
mounds are initially white and later become light-pink to 
brown-colored. These mounds are considered to be primordia 
and their formation and structure will be discussed in the 
sectionon,fruiting development ,in, still .cubture.«. ,.The 
aerial mycelium grows both on the liquid surface and up the 
inner walls of the flasks. The mycelium growing over the 
walls of the flasks is similar in appearance to the aerial 
mycelium covering the medium. The submerged mycelium and 
the liquid medium is unchanged from before. The culture 
odor of sweet apples also remains unchanged. 

Microscopic characters 

In all stages of growth, the submerged mycelium is 
similar in appearance. The only hyphal type observed is 
the nodose-septate hyphae. These hyphae are thin-walled, 
but in older cultures the walls become irregularly thicken- 
ed. The contents of the thin-walled hyphae are granular, 
homogeneous, and hyaline. Branching is profuse and occurs 
along all parts of the hyphae. In some instances a branch 
may arise directly from a clamp connection (Figure 60). 
The branches are the same diameter or slightly narrower 
than the main hyphae which range in diameter from 0.9-2.6 
(-4..4) 114. The hyphae are loosely intertangled and inter- 
woven with each other and are not in any definite 
organization. 

Thin-walled chlamydospores are occasionally observed 


developing as intercalary cells of the thin-walled, nodose- 
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septate hyphae. Their appearance is irregular; some 
isolates form many chlamydospores while other isolates 
form few or none at all. The chlamydospores are ellipsoidal 
to elongate in shape (Figures 61, 62). Occasionally the 
chlamydospores form as part of the fork of branching hyphae. 
These chlamydospores are somewhat triangular in form with 
three branches arising from the walls. The chlamydospore 
contents are granular appearing, homogeneous, and hyaline. 
The contents stain deeply with phloxine. The sizes of the 
chlamydospores range from 8.8-22.9 x 4.4-12.3 uw. The 
chlamydospores form in all areas of the submerged mycelium 
and are often observed within ten days of growth. They 
begin development: by the: formation of a simple septum in a 
hypha. The-hypha then becomes swollen and a second simple 
septum forms at the other side of the developing chlamydo- 
spore. The hypha continues to swell until the fully 
developed chlamydospore has formed. Additional simple 
septa may also be laid down on either side of the chlamydo- 
spore.) § It "is not wnusual to observe 3) 'or 4 ‘simple septa 
on each side of a chlamydospore (Figure 62). 

The irregularly thickened, nodose-septate hyphae 
develop in the older cultures. These hyphae form from the 
thin-walled, nodose-septate hyphae in all parts of the 
submerged mycelium. The first stage of wall thickening 
is the clamp connections becoming swollen, réfractive, and 
solid and the formation of small, refractive, unstained 


protuberances along the hyphal walls. The lumen passing 
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through a swollen clamp connection may become completely 
occluded or remain as a thin, granular appearing, hyaline 
line. The irregularly thickened hyphae often break or 
separate at the clamp connections where attachment appears 
to be weak. As wall thickening continues along the hyphae 
the lumina becomes thinner and more sinuous in appearance. 
The thickened walls are unstained and refractive. They 
vary in thickness, some becoming 1.3 uw. or more»thick. The 
diameter of the irregularly thickened hyphae ranges from 
0.9-4.4 uw which is the same as the thin-walled hyphae. 

The general form of the irregularly Phd iccnceaie wp bac is 
Similar to the thin-walled, nodose-septate hyphae. 

The aerial mycelium is composed of two types of 
hyphae: the nodose-septate hyphae (thin-walled and 
irregularly thickened) and the fiber hyphae. 

The nodose-septate hyphae in the aerial mycelium are 
predominantly fae areal nr thickened and are identical in 
appearance to the irregularly thickened hyphae in the 
submerged mycelium. The hyphal contents stain deeply with 
phloxine and appear granular and homogeneous. The walls 
are unstained, refractive, and solid appearing. The lumen 
is narrow and sinvous, and occasionally is: completely 
occluded. Clamp connections are frequent and appear 
swol lieni,n refiractiive ,) and isobid., The, hyphae, are, ofiten 
broken or separated at the clamp connections leaving the 
hyphae with the hooked portions at one end. The hyphal 


walls also have small, refractive, solid protuberances 
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that give the hyphae a "bumpy" appearance. Branching is 
frequent and usually occurs near clamp connections. The 
branches are slightly narrower or the same diameter as 
the main hypha from which they arose. Hyphal diameters 
range from 0.9-4.4 u. No organization orm pattern, of 
arrangement of the irregularly thickened hyphae is observed. 
They are, found in scattered “islands"™ among the fiber 
hyphae in densely intertangled and interwoven masses. The 
thin-walled, nodose-septate hyphae are similar to those 
observed in the submerged mycelium. These hyphae are 
frequently branched and bear numerous clamp connections. 

The hyphal contents are granular appearing, homogeneous, 
and hyaline when unstained. The hyphal diameters are 
marrower than the submerged hyphae. The hyphae in the 
aerial mycelium range from 0.9-2.6 uw in diameter. 

The fiber hyphae are the predominant hyphal type 
observed forming well over half of the serial mycelium. 
These hyphae are long, flexuous, 1.1-3.6 wu in diameter, 
aseptate, and densely intertangled with each other. The 
intertangling of the fiber hyphae produces the character- 
istic coherent, cottony-floccose texture of the aerial 
mycelium, sahe saayphal walls ane thick, quip, to.) 9, me frac- 
tive, and brown-colored in KOH. The lumen is usually seen 
as a.sehin.,. enanuLar. Line running down, the center ofthe 
hypha. Occasionally the lumen FENG peng es me occluded. 
Branching is infrequent but when branching does occur, there 


are usually a number of branches (2-4) formed along a 
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relativery short’ length ‘of *hy pha “(Figure 63), “The fiber 
hyphae develop from the thin-walled, nodose-septate hyphae in 
the same manner as those in agar cultures. They begin to 
form soon after the nodose-septate hyphae of the submerged 
mycelium reach the liquid-air interface of the medium. The 
terminal cell of a thin-walled, nodose-septate hypha gives 
rise to a long, flexuous, aseptate hypha that initially 
undergoes wall thickening in the central portions. The 
proximal end of the developing fiber hypha is attached to 
the nodose-septate hypha by a clamp connection. The hooked 
portion of the clamp connection is on the nodose-septate 
hypha. The apical end and the proximal end of the develop- 
ing fiber hypha are deeply stained and thin-walled (Figure 
64). As the hypha develops, the walls gradually thicken 
progressively outwards from the central portions to both 
ends. The diameter of the fully developed fiber hypha is 
variable along its length. When the fiber hypha begins 
development it will be the same diameter as the thin-walled, 
nodose-septate hypha from which it is forming. As growth 
continues the diameter increases until the apical and 
central portions may be 2-3 times the diameter of the 
proximal end. “tne apical end of the tully “developed tiber 
hypha is thin-walled and the lumen is seen as a granular, 
faintly stained er ren phloxine. The proximal end of the 
hypha is thick-walled with a narrow lumen. The nodose- 
septate hypha giving rise to the fiber hypha often becomes 


irregularly thickened and separated from the fiber hypha 
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at the clamp connection. [In rare instances, the nodose- 
septate hypha is observed still attached to the fully 
developed fiber hypha. At this stage the nodose-septate 
hypha is either irregularly thickened or the walls remain 


thin but the hypha is devoid of contents. 


c. Wood-block culture - Macroscopic characters 

The descriptions of the wood-block cultures will be 
confined to the mycelium Sr eeine on the wood blocks. The 
morphology of the mycelium on the agar was similar to the 
agar cultures that have already been described. The 
vegetative mycelium completely covered the blocks except 
where primordia and basidiocarps had formed. The construc- 
tion and formation of these structures will be described in 
the section on fruiting development in wood-block culture. 

The appearance of the vegetative mycelium on the wood 
blocks was similar in cultures grown at room temperature 
and at 20°C. There was also no difference observed between 
mycelium growing on the spruce, pine, and aspen poplar 
blocks. The mycelium was white to light-brown, compact, 
felty to cottony-floccose, and sparse to dense (Figures 65, 
60, 67). The*top surfaces of ‘the Dlocks were.often covered 
with more mycelium than the sides. This was due to the 
presence of numerous primordia and basidiocarps on the top 
surfaces. All mycelial growth was attached very superfici- 
ally to the wood blocks, since the mycelium was easily 
separated from the blocks. The wood immediately beneath 


the surface mycelium was heavily decayed and medium to 
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dark-brown colored. It was extremely soft, moist, and some- 
what sticky. The wood crumbled easily under pressure. only 
the outside 1-2 mm of ‘the wood "surface was ‘soft? déeper into 
the blocks the wood was much firmer, although still medium 
to dark-brown colored. 

The contamination-control blocks were light-brown 
colored, slightly moist, and hard. No growth occurred in 
tne ‘spruce and pine control “blocks “during “tlheSl2 nontl 
incubation period. The aspen poplar control blocks became 
contaminated by Pentctlltum after 4 months and were 
discarded. 

memodar eo. <the wood-block cultures was variable and 
no correlation was noted between the different types of wood 
and a particular odor. Most cultures were slightly fragrant 
and somewhat fruity. Some cultures had a distinct sweet 
apple odor while others, notably the spruce wood cultures, 
Rada slignt. “woodsy"=odor: 

MiOroscopilce characters 

The mycelium within the spruce and pine wood blocks 
was similar to the mycelium observed in the naturally- 
infected wood. The hyphae were thin-walled, clamped, often 
branched, granular appearing, and 0.9=-2.6 1 in diameter. In 


“cailnps* which 


some instances, the hyphae had "medallion' 
were identical to those observed in the naturally-infected 
wood. Dense hyphal aggregations were observed near the ray 


cells, and the tracheids were penetrated via the bordered 


pits and by bore holes. “The hyphae in’ these aggregations 
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were thin-walled, clamped,, and granular appearing... Thick- 
walled, brown-colored hyphae were not observed filling ene 
tracheids as was noted in the naturally-infected wood. 

The firm wood deeper in the wood blocks tore easily when 
sectioned in a similar manner to naturally-infected wood 
that was heavily decayed. The outer 1-2 mm of the blocks 
could not be sectioned because of its very soft and crumbly 
nature. In the aspen poplar wood the hyphae grew in a 
sinuous manner throughout the vessels. Branching occurred 
frequently and often took place where dense hyphal 
aggregations had formed. The appearance of the hyphae was 
similar to those found in coniferous wood. 

There was considerable variation in the amounts of 
different hyphal types observed in the vegetative mycelium 
growing over the wood surface. Both nodose-septate hyphae 
and fiber hyphae were seen but the relative amounts varied 
“between individual cultures. The nodose-septate hyphae 
were usually of the thin-walled type and were similar to 
fonoee Seen Jnvagar culture and still, culture... They were 
granular appearing, hyaline when unstained, 1.1-3.3 (-4.4) u 
in diameter and frequently branched. The branches were the 
same diameter or slightly narrower than the main hyphae. 
The thin-walled hyphae were densely intertangled and inter- 
woven with each other and the fiber hyphae. The clamp 
connections of the thin-walled, nodose sees te hyphae were 
usually of the normal type but occasionally the "medallion" 


type was observed (Figure 68). Thin-walled chamydospores 
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were infrequently observed developing as intercalary cells 
of the nodose-septate hyphae. Their appearance was 
irregular and the number formed varied from culture to 
culture. Chlamydospores were produced by all three isolates 
in the three types of wood-block cultures. However, no 
isolate or wood-block culture consistently produced numerous 
chlamydospores. The chlamydospores were similar to those 
formed in agar culture and still culture. They were 
elongate to ellipsoidal in shape, granular appearing, 
hyaline when unstained, and 7.7-16.5 x 4.4-7.0 u in Bes oe 

Irregularly thickened, nodose-septate hyphae were 
occasionally observed in the vegetative mycelium. They were 
similar to those found in agar culture and still culture. 
The hyphae were 2.2-4.4 wp in diameter and had refractive, 
colorless walls and granular appearing, narrow, sinuous 
lumina. The refractive, solid, swollen clamp connections 
were of the normal type and short, refractive, solid 
protuberances were present along the hyphal walls (Figure 
69). The irregularly thickened, nodose-septate hyphae 
were scattered unevenly throughout the thin-walled, nodose- 
septate hyphae and the fiber hyphae. 

The fiber hyphae observed in the vegetative mycelium 
were similar to those found in agar culture and still 
culture. They were long, flexuous, 1.1-4.4 uw in diameter, 
refractive, and aseptate. The hyphal walls were colorless 
or yellowish-brown Uolored and \UpsLOmle wl thick.) |The 


lumen was often reduced to a thin, granular appearing, 
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lightly stained line running down the center of the hypha. 
The apical and proximal portions of the hypha were 
occasionally thinner-walled and more deeply stained than 
the central portions. In most instances the apical portion 
Was thickened right to the tip. Branching was dnfrequent 
with branch diameters being the same or slightly narrower 
than the main hypha. Two to four branches may arise from 
therapical portions of a hypha. The branches, were often 
less than 50 uw in length. The fiber hyphae were densely 
intertangled and interwoven with each other (Figure 70) and 
the nodose-~septate naan They showed no organization. 

In most of the wood-block cultures irregularly-shaped, 


variously-sized crystals were observed in the vegetative 


mycelium (Figure 71). The -composition or identity of the 
crystals is not known. They did not dissolve in 5% aqueous 
KOH and they remained unstained in phloxine. These 


crystals were not observed in agar culture or still culture. 


d. Temperature and growth of vegetative eeakt hes 

The daily radial growth rates of F. eajandert isolates 
B-3, B-128, and B-189 are shown in Figure 47. The greatest 
growth rate occurred at 28°C for ali teolates;) although the 
individual rates of growth varied between the isolates. 
Isolate B-3 showed the slowest growth rate of 5.6 mm/day 
compared to 5.9 mm/day for isolate B-189 and 6.5 mm/day for 
fsolsate 8-128. The isolates varied in their ability to grow 
at 37°C. Isolate B-128 showed only trace growth at this 


temperature, while isolate B-3 grew 0.2 mm/day and isolate 
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Figure 47. Effect of temperature on the radial growth 
rate of the vegetative mycelium of 


F. cajandert. 
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B-189 grew 0.9 mm/day. Trace growth of isolate B-128 was 
timited sto a very fine, white mycelial covering of the 
inoculum plug. All three isolates showed similar growth 
at 11°C. Isolates B-3, B-128, and B-189 grew at the rate 
of 1.1 mm/day, 0.9 mm/day, and 1.2 mm/day respectively. It 
should be noted that agar cultures incubated at 11° and 
15°C were difficult to measure due to the heavy condensation 
of Reece on the plate lids and the small amount of 


growth that occurred. 


e. Growth-curve and carbon utilization studies 

The growth of “fF. ‘cagandert (isolate: 8-3) itn 12 malt 
extract medium and in dextrose-salts medium is shown in 
Figure 48. The results. of the growth in 1% malt extract 
medium are the averages of 6 replicate flasks harvested 
every 7 days for 35 days. For the dextrose-salts mediun, 

5 replicate flasks were harvested every 4 days for 36 days. 
During each harvest, pH readings of the culture filtrates 
were taken. 

In the malt extract medium, F. cajandert showed no 
detectable lag phase. Very rapid growth occurred in the 
first 7 days. During the next 14 days, growth lessened 
considerably and after 21 days of growth maximum dry 
weight had occurred. Cultures older than 28 days showed 
an autolysis phase in which dry weight declined. During 
the 35 day growth period, the pH became more acid, dropping 
fromuan initial eplcor 5.0 to a finalepH of 3.1. The most 


rapid drop in pH occurred during the first 7 days of growth 
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Figure 48. Growth of F. cajandert (isolate B-3) and ‘pu 
changes in the medium in dextrose-salts medium 


and in 1% malt extract medium at 23°C, 
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with the minimum pH occurring after 14 days of growth. 
No change of pH occurred during the autolysis phase. 

The growth in the dextrose-salts medium showed a 
gefinite tap phase during the first 8 days. This) was 
Lollowed by a period of rapdd-ierowthi during the. next 20 
days. After 28 days, maximum growth had occurred. 
Immediately after, an autolysis phase set in whereby dry 
weight decreased. The period of maximal growth in the 
dextrose-salts medium was very short, being only 2-3 days 
long. In the malt extract medium, maximal growth was 
maintained for approximately 7 days before an autolysis 
phase set in. The pH of the dextrose-salts medium decreased 
slightly during the first 8 days of growth and then dropped 
rapitary from pl 4.9 to 32:9 ine the next 4 days. During the 
remaining period of growth, the pH gradually decreased to 
apowt. 3.4: 

Based on the growth of F. cajandert in the dextrose- 
salts medium, an incubation period of 23 days was chosen 
for the carbon utilization stuadtes:.. In this’ length of time, 
growth is well into the exponential phase and maximum 
growth is approached. 

The growth of F. cajandert (isolate B-3) on various 
carbon sources is shown in Table 2. The results are the 
averages of 5-7 replicate flasks for each carbon source. 
The hexose Donannose and the polysaccharide cellobiose 
produced the best growth in terms of dry weight. Good 


growth occurred on dextrose and maltose while little growth 
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Table 2. Growth of F. cajandert (isolate B-3) on various 


carbon sources, 


Oven-Dry Weight* 


Carbon Source (mg) Final pH* 
Dextrose et PDD! 3.9 
D-xylose Gin 42 
D-mannose 2669 3.08 
D-fructose 2.4 GoD 
Galactose Diao a 
Sucrose B24 4:55 
Maltose ks <0 4.1 
Cellobiose 2ets. i 37 
No carbon Ove7 4.8 


(negative control) 


* Results are the averages of 5-7 replicate flasks for each 


carbon source. 
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occurred on D-xylose, galactose, sucrose, and D-fructose. 
Negligible growth occurred in the negative controls in which 
no carbon source was added. 

The pH of the medium in the carbon source flasks 
decreased as growth occurred. Generally, the greater the 
amount of mycelium produced, the lower the pH became as 
shown by the results of dextrose, D-mannose, and cellobiose. 
There was no pH change in the negative controls in which 
eres initial pH after sterilization was 4./7-5.0 and the 


final pH 4.8. 


f. Growth on wood-shavings with L-asparagine 

The effect of L-asparagine on the decay of spruce 
sapwood shavings by two isolates of F. cajandert is shown 
ftable 3S. 7 ihe weight losses were calcujated as percent- 
ages of the initial oven-dry weight of the shavings and 
are based on the average of 5 replicate cultures at each 
L-asparagine concentration. The cultures were incubated 
for 12 months before weight losses were measured. In both 
isolates the largest weight loss occurred in cultures 
which contained little or no added L-asparagine. At 
concentrations higher than 0.17, the rate of decay was 
markedly reduced compared to the controls. The weight 
losses in control cultures in which no L-asparagine was 
added were virtually identical in both isolates. However, 
at concentrations of 0.1% L-asparagine isolate B-3 showed 
a slight increase in weight loss while isolate B-128 


showed a slight decrease in weight loss compared to the 
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Table 3. Effect of L-asparagine on the decay of spruce 


shavings by F. cajandert (isolates B-3 and B-128). 


Concentration of Loss in dry weight as 
L-asparagine added percentage of initial weight* 
(2) B-3 B-128 
0.0 OS Nog abs Lae 
Wired 12.05 OLS 
6 pe jd eas 1.63 
<0 1.44 eee 
Z%0 L226 payloa | 


* Each percentage represents the average of 5 replicate 
cultures. 


*k Average of 4 replicate cultures only. 


wy Sa ihe en an nes 
pee rey iy — we an a Slsiitean 


‘gbesge) Yo donbplnne du deaweetedd 


(a8i-a bis C48 aasstonk) eabratas’! 
f “ Yokel 


ia dtytaw ¥tb any habe? 
*idgtoaw fare kak 10 sgotaeasp 
eo h-@ aie 


se a eA ee ee eee My ee: eae uci ie ae 

C82 , eS.ab : eile 

| | a cca! Ale de a a eee , i Le hy 

eL.8 20.55) 5 h 

est EE ae 
iv, 4 het 

his PRL! vied wr pepe 


aseabties % be onetere Pa ayapeorges a epiores 
mye ed, 
ele sesuatua lal oid + Lae 


yt 


‘ iif > ne are Vi iy We aoa 


: Ls eat eal 
. ; ae | | 
eee ae ney ve nd aa did’ 


1 oe 
By, Wu f PEaG we ee) =a ba ae ; 
| ¢ Ne 


ert 7 me en tea a te 
Me és ia). er \ seaplane 


¥ LPR 9S) As aa | 9 ies 
f i Ni ; i HW oo ri .) Pos) a har , A - : 


7A . i a oa ‘ : 
sort Kid Pa th ie he U e a aveh ze i z 
, Vee uw. ae Bad aes Ga D4 eet. ee S| ee 


; a an bs all o\ Geren t) Wa e's : 
; ye Puen 
hick. i atgted at rie »: 5@ee \ Gevadey eT) 
i i Ph 


118 


Cormerore nce concentrations of ‘01452, (1007, and 200) % 
L-asparagine, weight losses were similar in both isolates. 
Wetgut. 1Osees’ ranged trom t.19," tor isolate, B—-3 to 2.117 
for isolate B-128. 

The macroscopic appearance of the wood-shavings 
substantiated Bee fee decay rate in the control cultures 
and those containing 0.1% L-asparagine. In these cultures 
heavy mycelial growth was observed. Along the top edges of 
the culture dishes dense, felty, light to dark-brown mats 
of mycelium had formed. The surface shavings were heavily 
covered with white, cottony mycelium while the lower 
shavings were completely infiltrated by very fine, white 
mycelium. The color of the wood-shavings ranged from 
cream-white, slightly yellow to light-brown. Cultures with 
heavy mycelial growth frequently showed a number of reddish 
stained areas in the wood-shavings. These stained areas 
were irregular in size and shape and were usually observed 
in “the Tower "Nal fof ‘che "culture dishes’ **°A *eu'lPruge’ dish 
may have as many as 7-10 stained areas in the wood-shavings. 

Almost no mycelial growth was observed in cultures 
containing concentrations of L-asparagine higher than 0.1%. 
Very sparse, white mycelium was seen in the area of the 
inoculum plug but the rest of the wood-shavings showed no 
visible mycelial growth. Stained areas were also absent 
in these cultures. The color of the wood-shavings in all 
culture dishes containing L-asparagine was yellowish 


compared to the cream-white wood-shavings of the 


2 0.0 bus (Ou 1 82. bier 
odeloeh: dtodd ar ateftate soeaees 
RSLS 09 €-8 sHsloek rod neta 
nigutvate~boow odd. By oonasasaga ® 
eurwates fotames dd ak! ny AN yaoab soinerg of 
siowulates aeeds wT ‘paige nae MI. o ‘ae | 
to woyhs dot os goolh . bovasedo enw Aswora dnteiiy 
stem owond- Axe o2 tfgrt eater i damale eadekh 
yitvacd or ew eres oontiue sit amazed bed bane 

| tawol ot? oltde mut L9 oye —in93909 Sati “43 

ajidw ,aekl yrov nd bevexsittat viatesgaos bi 
moat begnnt nginx watenivon oda 20 -t0fa0 ‘wHE) » 

diziw eereriwd sewed gatens os volley yisdgt te 
dubbhes bo a4daom & ewes yansitpa a? aIword tunis 
Bpaxs bethate oie _smastvade-booy 9 ada wt anose 
bovabude eh Lewew exew bua sqade bas tty at a | 
febh Pwatwo A ,weerb viva tes) ota 1, ven theta 
 egokvada~ boo ats tk aaoze boatese or-t ih: pee os ‘ens 
eoswate>. ‘at bevaando nae adubay tattesce on: it 
an o aon? xeltgta snignraqnacd to snotaeria¥oaod anthts 
eda 26 eetR of. . nese enw mgntonee oon a 

on bawede aun aa: fe oo -_ aud gutq 


Dis tah 


el) 


Mi 


Iie wt resonant te ro 
feiwolley gaw calgureges re 


149 


contamination controls. 


2.. Development of the basidiocarp 


For each of the three types of cultures the development 
and structure of the basidiocarps will be described in two 
sections: macroscopic characters and microscopic characters. 
Nobles' terms are used in the descriptions of the primordia 
and basidiocarps. The first stage of basidiocarp develop- 
ment is the primordium which is considered here to be the 
compact, felty, light-pink to light-brown, raised mycelial 
area that usually forms near the edges of the cultures. 

The basidiocarps are the basidium-bearing, poroid 


structures that develop from the primordial areas, 


a. Agar culture - Macroscopic characters 

Cultures of F. cajandert readily fruited on malt agar 
plates when incubated at room digek identennehe a south- 
facing window. Thirty-three isolates were examined for 
fruiting and of these, twenty-seven fruited within 5 weeks. 
Although the length of time for fruiting varied among 
Heoluteey most fruited in 3-4 weeks. The basidiocarps 
generally developed along the margin of the mycelial mat 
withinp2nemoeofrthei Petrioplatesvéedge ort octasionallys *right 
onéthedsidestofathesphatec’ Infrequentily, »fruitingéoecurred 
on the inoculum plug or in scattered areas of the central 
portivderofetheccaitureterfhe first indication of fruiting 


is the formation of primordia which are dense, compact, 
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felty, raised mycelial areas. The primordia may be light- 
pink, reddish-pink, or light-brown Colored. They may form 
in scattered locations along the culture edge or may 
completely encircle the central portions of the culture 
(Figure 50). Within 2-3 days pores begin to develop in the 
compact i febtyiprimordiabdaréeas (Figures 724-73) .u The pores 
develop in various locations on the primordial surface and, 
in most cultures, only a small area of the primordial 
surface.developsp poress il iInsthetfirst\stagevoft pore 
development shallow furrows and ridges form on the dense, 
felty mat. The furrowed, ridged areas become more distinct 
and sharper in outline within one or two days and can soon 
be recognized as pore walls. The pores initially develop 
at the very edge of the mycelial mat and progressively form 
new pores to the inside. As the pore walls increase in 
depth the pore mouths begin to take shape. The pore mouths 
are not regular in shape but are of various forms due to 
the different thicknesses and configurations of the pore 
walls. The pore mouths may be rounded, sub-angular, or 
dadgdaloid insform (Figures'74; 75)! «Thevdepthuof the 
fully-developed pores ranges from less than 0.5 mm to 1.5 
mm. The pore walls are firm, compact, very coherent, and 
light-pink or reddish-pink colored. Cream-white b asidio- 
spore deposits are observed on the Petri plate lids 1-3 
days after the first pores have formed. 

Microscopic characters 


The compact, felty primordial areas are composed of 
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nodose-septate hyphae and fiber hyphae. The nodose- 


septate hyphae are thin-walled, but, in older cultures cHely 
become irregularly thickened. The thin-walled, nodose- 
septate hyphae are abundant in the primordial aes often 
forming over half of the mycelium. These hyphae are 
frequently branched, abundantly clamped, 1.1-2.8 u in 
diameter, and hyaline when unstained. In phloxine the 
hyphal contents stain deeply and appear dense and homo- 
geneous. The hyphal walls are thin throughout and show 

no signs of wall thickening. Branching occurs near clamp 
commectitons orimrarelicy, iddimectla:d rom anclampiconnectiion. 
The branches are the same diameter or slightly narrower 
than the main hypha. There was no organization of the 
thin-walled, eens ane hyphae. They were densely 
intertangled and interwoven with the fiber hyphae. 

The fiber hyphae in the primordial areas are similar 
in form and appearance to the fiber hyphae of the aerial 
mycelium in the central portions of the mat. The hyphal 
‘WL Me are colorless or yellowish-brown and are about 1 u 
thick. Often the hyphal walls completely occlude the lumen 
which is narrow, granular appearing, and lightly stained 
with phloxine. In the apical and proximal ends of the 
fiber hyphae the walls are thinner and the lumina are wider 
and more deeply stained. Developing fiber hyphae are often 
seen in the primordial areas. Their lengths vary according 
to their stage of development: fully developed fiber hyphae 


have measured over 1200 u in length. The fiber hyphae 
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develop from the thin-walled, nodose-septate hyphae in the 
Same manner as the fiber hyphae of the central portions of 
the mat. Branching occurs in the apical and central 
portions of a fiber hypha and branch diameters eee Marreg same 
or slightly narrower than the main hypha. The very 
coherent and compact nature of the primordial areas is due 
to the dense intertangling and interweaving of the fiber 
hyphae. 

In the pore areas the pore walls are composed of 
intertangled fiber hyphae which grow in a downward 
direction. The fiber hyphae are not arranged in parallel 
alignment but interweave with each other in all directions. 
The leading edge of the pore walls is composed of flexuous 
fiber hyphae whose apical ends grow in a downward 
direction (Figure 76). The apical ends of these fiber 
hyphae are deeply stained, thin-walled, and unbranched. 
Basidia line the walls of the pores in a palisade layer. 
They are clavate-shaped, deeply stained with phloxine, /7./- 
20.4 x 3.3-6.6 4. in» size, thin-walled, and clamped at 
their, base GChieure ¢7). Fouriistender..-2.8-3. 5, 4) Long 
sterigmata are occasionally observed on the basidia. The 
basidiospores formed in culture are indistinguishable from 
those observed in natural basidiocarps. They are narrow- 
cylindric, smooth-walled, slightly curved at one end, and 
4.0-7.0 x 1.5-1.9 (-2.3) uw in size and hyaline when 
unstained. The basidia arise as terminal cells of the. 


thin-walled, nodose-septate hyphae that are found in dense 
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masses along the edges of the pore walls. . The interior of 
the pore walls contain scattered masses of nodose-septate 
hyphae. The basidia develop very soon after pore wall 
formation, has, started... Pore, walls that ,are, approximately 
200 wp in depth have been observed with basidia lining the 
basal portions of the walls. When the pore walls have 
reached their maximum depth (approximately 1.5 mm), the 
basidia line the entire inner wall surfaces except for the 
leading edge where the Fe aia protrude. The thin- 
walled, nodose-septate hyphae in the pore walls become 
irregularly thickened in old cultures (usually 5 or more 
weeks old). The irregularly thickened, nodose-septate 
hyphae develop in the same manner as those of the aerial 
mycelium in the central portions of the mat. The appear- 
ance and form of the irregularly thickened, hyphae is also 
similar. Occasionally in the old cultures sterile basidia 
are attached to the irregularly thickened, nodose-septate 


hyphae. 


bD. Still. culture — Macroscopic characters 

Basidiocarp development in’ still culture#was erratic. 
Most cultures produced good growth of vegetative mycelium 
Sopra ererane primordia but pore formation rarely occurred. 
Over fifty still (cultures were e@xamined: for fruiting, but 
only three cultures showed pore development. In most 
cultures 1/3 to 1/2 of the medium surface is covered by 
aerial mats after 25 days. Primordial development begins 


about 21 days after inoculation. The primordia are dense, 
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compact, felty, hemispherical mycelial masses. They are 
white at first but as they increase in size they become 
light-pink, light-brown, or medium-brown. The number of 
primordia that forms in each culture varies. A culture may 
contain from 1 to-over 30 primordia, although the usual 
numberhise5=hOeprimordiasorThesprimordiavvary inwsize 
depending on their stage of development. Initially, they 
are small, compact, white, circular masses about 1 mm 
across (Figure 78). These circular masses gradually 
increase in size and become hemispherical in shape, reaching 
a maximum size of 5-8 mm in about 2 weeks (Figure 79). All 
primordia in a culture do not begin development at the same 
time. Different stages of primordial development are 
often observed in an individual culture with small primordia 
developing among the large primordia (Figure 78). The 
primordia usually form at the margins of the aerial mats 
(Figure 80) or occasionally away from the mats as isolated 
mycelial masses (Figure 81). In some instances, they 
develop in scattered areas over the entire surface of the 
aerial mat (Figure 82). Primordia developing along the 
margin of the aerial mat occasionally become confluent as 
they increase in size. The result is a raised mycelial 
fidgeé that. party senc ipcles the rcenitraktportion ofthe 
aerial mat. 

As noted earlier, the great majority of the still 
cultures did not develop beyond the primordial stage. In 


the three pore-forming cultures basidiocarp development 
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differed slightly from that observed in agar culture. Pore 
development in still culture was much slower than in agar 
eulltture.®) In) stills culturewpore! formations occurreds about 
3 months after inoculation. The primordial surface becomes 
furrowed and ridged and after 7-10 days recognizable pore 
walls have formed. The pore paul teadee ioe by upward growth 
of the biomed btw from the primordial surface. The walls 
vary in thickness and configuration and the resulting pore 
mouths are rounded or somewhat daedaloid in form. The pore 
depth is about 1 mm and the walls are pink or light-brown, 
firm, and compact appearing. In one of the pore-forming 
cultures the basidiocarp developed along a mycelial ridge 
that partly encircled the central portion of the mat 
(Figure 83). Pores also developed in scattered areas of the 
primordial surface giving the mycelial mass a pitted 
appearance (Figure 84). 

Microscopic characters 

The small developing primordial masses that have 
formed approximately 21 days after inoculation are composed 
of thin-walled, nodose-septate hyphae and fiber hyphae. 
The contents of the thin-walled hyphae are dense, granular 
appearing, homogeneous, and deeply stained with phloxine. 
The hyphal walls are thin throughout except for the 
occasional swollen, solid appearing clamp connection or 
short, solid appearing protuberance. The hyphae are 
abundantly clamped, occasionally branched, and 1.1-3.3 yu in 


diameter. The branches arise along all parts of the hyphae 
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with branch diameters the same or slightly narrower than 
the main hypha. The nodose-septate hyphae occasionally 
bear long, flexuous; thin-walled, aseptate, terminal cells. 
These cellseare,deepliy:,stained and, areythe»first,stage:. of 
fiber hyphal formation. Their development into a fiber 
hypha has already been described in the vegetative features 
of still culture. The nodose-septate hyphae form approxi- 
mately 1/4 of the mycelium in the primordia. They are 
distributed fairly evenly throughout the primordia among 
the fiber hyphae. 

In the developing primordia the fiber hyphae form 
approximately 3/4 of the mycelium. These hyphae are similar 
in form and dppeseuce to the fiber hyphae of the vegetative 
mycelium. They are long, flexuous, 1.1-4.4 uw in diameter, 
aseptate, and have thick, colorless or slightly yellowish- 
brown, refractive walls. The lumen is often narrow and 
very lightly stained. Branching occasionally occurs, often 
in the apical and central portions of the hypha where from 
1-6 branches may form along a short length of the hypha. 

In the apical and proximal portions of the fiber hyphae the 
walls are often thin, and the lumina wider and more deeply 
stained than the central portions. These deeply stained 
hyphae are developing fiber hyphae which have arisen from 
the thin-walled, nodose-septate hyphae. The apical growth 
of the developing fiber hyphae and the formation of new 
fiber hyphae by the nodose-septate hyphae gradually 


increases the mass and size of the primordium. The densely 
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intertangled and interwoven fiber hyphae are responsible 
for the compact, coherent nature of the primordium. 

In ‘tire 3 ion eHUSTa cultures in which the primordia 
have not developed pores, the nodose-septate hyphae and 
fiber hyphae are again observed. However, most of the 
nodose~septate hyphae are now irregularly thickened. 
Approximately 1/4-1/2 of the primordial mass is composed 
of nodose-septate hyphae. The irregularly thickened hyphae 
are similar ‘to the irregularly thickened, nodose-septate 
hyphae of the awe: ane mycelium. They are frequently 
clamped, occasionally branched. ™and? 11—4474% (Pp an’ dfameter . 
The lumen is narrow, sinuous, deeply stained, and sometimes 
is completely occluded. The hyphal walls are of variable 
thickness and are colorless and weave 4 In some 
instances thin-walled, nodose-septate hyphae are observed, 
but they often show swollen clamp connections and short 
protuberances indicating the onset of wall thickening. As 
in the small, developing primordial masses, the nodose- 
septate hyphae are fairly evenly distributed throughout the 
primordial mass. Developing basidia have not been observed 
in these primordia, although very rarely a thin-walled 
chlamydospore is seen. 

The fiber hyphae in the primordia are also similar in 
form to the fiber hyphae of the vegetative mycelium. They 
are Vones® flexu0us ,aseptates and 1.7—4".4) p! in’dtameter. 
The hyphal walls are thick, refractive and yellowish-brown 


or light-brown. The colored hyphal walls are responsible 
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for the light-pink, light-brown, or medium-brown appear- 
ance, of) the) primordias.’ The» walls) occasionally completely. 
occlude the lumen which is narrow, granular appearing, 

and very lightly stained in the central portions of the 
hyphae. The apical and proximal portions of the hypha are 
thinner-walled than the central portions, but the lumen is 
granular appearing and lightly stained, similar to the 
fully developed fiber hyphae of the vegetative mycelium. 
Branching occurs in the central and apical portions of the 
hypha with branches measuring up to 150 yu in length, 
although they are often less than 50 uw. The branches are 
the same diameter or slightly narrower than the hypha from 
which they arose. There may be from 1-5, or rarely 6 
branches arising along a short length of a hypha. Hyphal 
lengths were difficult to measure since the fully developed 
fiber hyphae were rarely seen attached to the nodose- 
septate hyphae. Fragments of hyphae have measured well over 
1000 yw in length. sithe hyphal organization in the primordia 
was the same as before. The fiber hyphae were densely 
intertangled and interwoven together maintaining the 
yen coherent nature of the primordia. 

In the three fruiting cultures, the primordia were 
composed of nodose-septate hyphae and fiber hyphae which 
were similar to those found in the non-fruiting cultures. 
The nodose-septate hyphae are occasionally branched, 
frequently clamped, deeply stained with phloxine, and 1.1- 


3.3 wp in diameter. They are distributed evenly throughout 
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the primordial mass or infrequently in intertangled masses 
among the fiber hyphae. Approximately 3 months after 
inoculation pore walls began to form on the primordia. They 
developed in the same manner as the pores in agar culture, 
but in still culture the walls formed by upward growth of 
the; mycelial surface. ,.The developing .pore walls. are 
composed of densely interwoven fiber hyphae which are 
occasionally deeply stained in the apical and proximal 
portions. The leading edge of the pore wall consists of 
deeply stained, apical ends of fiber hyphae which are often 
unbranched. These deeply stained hyphae are developing 
fiber hyphae which extend the length of the pore wall by 
apical growth. The edge of the pore wall continues upward 
growth until the pores are approximately 1mm deep. The 
interior of the pore walls is composed mainly of densely 
interwoven fiber hyphae which are often branched in the 
apical and central portions. Between 1-6 branches may 
develop along a short length of the fiber hypha. The 
branches are usually less than 100 pp in length and are the 
same diameter or slightly narrower than the hypha from 
which they, arose. 

The great majority of the nodose-septate hyphae in 
the pore walls are thin-walled, unlike the nodose-septate 
hyphae of the non-fruiting cultures which had become 
irregularly thickened. The nodose-septate hyphae in the 
interior of the pore wall are evenly distributed among the 


fiber hyphae, but along the pore walls are masses of 
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densely intertangled nodose-septate hyphae. These hyphae 
are thin-walled throughout and show no indication of hii 
thickening. They are frequently clamped, profusely 
branched, granular appearing, deeply stained with phloxine, 
ands] .1=2.8rn inpddameter., The hyphae areloften’ contorted 
and tortuous in form and basidia are often observed along 
their length developing as terminal cells. The basidia 
initially develop at the base of the pores, often before 
the pore walls have reached their maximum length. The 
basidia are clavate-shaped, thin-walled, deeply stained 
withhphioxinegvandr9t9s=1514ex 4045566 pwoin Sizes. They are 
infrequently observed with 4 immature basidiospores 
developing on slender, 3 wu long sterigmata (Figure 88). 
Basidia develop along most of the pore wall except at the 
leading edge where the fiber hyphae protrude. Although 
numerous basidia were formed, basidiospores were infrequent- 
ly observed. This may be due to their deposition towards 
the base of the pores where it would be difficult to 
distinguish the basidiospores among the basidia and hyphae. 
The basidiospores Peed were indistinguishable from 
those formed in agar culture. They are narrow-cylindric, 
slightly curved, deeply stained with phloxine, smooth- 
walled, and 4.0-7.0 x 1.5-2.0 (-2.3) w in size. The 
basidiospores are hyaline when unstained. 

The fiber hyphae at the decade edge of the fully 
developed pore walls are no longer deeply stained at their 


apical portions, but now appear granular and lightly 
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stained (Figure 85). The lumen is often wider at the 
apical portion (Figure 86),. but further back the hyphal 
walls are thicker and the lumen narrow and lightly stained. 
The hyphal walls are refractive, yellowish-brown or color- 
less, and are approximately 1 w thick in the central 
portions .of athe. hypha.,.The.fiber hyphae,occasionally 
meaasures,over LOOO0;)in.Llength, «but it was often difficult 
to measure intact hyphae since they had separated from the 
nodose-septate hyphae. The hyphae were very densely 
intertangled and interwoven in the pore walls (Figure 87) 


which accounted for the firm, compact pore walls. 


c. Wood-block culture - Macroscopic characters 

Since the primordia and basidiocarps that formed at 
room temperature were as variable in appearance as those 
formed at 20°C, the development of these structures will be 
described together. The great majority of cultures 
exhibited some primordial formation by the end of the 12 
month incubation period. Of the 36 cultures examined only 
one did not show any primordial development. The formation 
of pores was almost exclusively restricted to cultures of 
isolate B-128. Ten of the 12 cultures of isolate B-128 
esate # pores, while only one culture of isolate B-3 
developed pores. None of the cultures of isolate B-189 
developed pores, although numerous primordia had formed. 

The primordia were variable in size and appearance 
and no correlation was noted between the substrate type, 


the incubation temperature, or the isolate used. Primordia 
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formation began approximately 2-3 months after inoculation 
and continued at various times throughout the incubation 
period. By the end of 8 months many cultures contained so 
many primordia that it was difficult to discern the form- 
ation of new primordia. Cultures frequently contained 
primordia of various sizes indicating their different times 
and rates of development. In general, the primordia were 
densé, -compact.,, felty,, hemispherical, masses ithat wsually 
formed along the top surface and top edges of the wood 
Welocks :(Figunes, 66,,.,89,,.90) ..,0ccasionally,. primordia formed 
along the sides of the blocks. The primordia often became 
confluent as they increased in size resulting in an uneven, 
hummocky mycelial mass on the block surface (Figure 91). 
Individual primordia ranged in size from 1 mm to 10 mm 
across, although the usual size was 2-5 mm beau and 2-3 
mm in height. The number of primordia developing on a block 
varied, from less tthare 5 p,to sone: sbhan,30iup ndmordia.., The 
confluent primordia were often difficult to distinguish as 
individual structures. The primordia initially developed 
as small (approximately 1 mm across), compact, white 
mycelial masses that formed among the vegetative mycelium, 
As the primordia increased in size they became hemispherical 
in form and often pink colored. . In some cultures the 
primordia remained white even though they reached 5 mm or 
more across. The pink primordia gradually became light- 
brown to medium-brown in most cultures. 


Pore formation occurred in the pink or light-brown, 
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hemispherical primordia in the same manner as that observed 
in still culture. The surface of the primordium became 
furrowed and ridged as a result of upward growth of the 
mycelial surtace (Figure 92) ..> “Within a few days. the ‘pore 
walls and pore mouths could be distinguished. The pore 
mouths were daedaloid to somewhat rounded in shape (Figures 
93,994, 95) and l=-2 mm in depth. The"rounded pore mouths 
were 1-3 mm across, and when widely separated on the. 
mycelial surface, gave the surface a pitted appearance. 
The walls of the pores were very coherent and compact, 
similar to that of the pores formed in agar culture and 
still culture. In some of the cultures pores had formed 
wrone the sides of” the wood Drock™ (Figure 96), or down the 
sides of the primordia that had formed on the edges of the 
block (Figure 97). These pores were elongated and open and 
appeared as parallel furrows and ridges on the mycelial 
surface. The walls of the elongate pores were coherent and 
compact and were eee ohinately 1 mm thick. The pore walls 
were spaced at various distances apart and were occasion- 
ally incomplete -as shown in Figure 97. 

Tiere seenie characters 

The hemispherical primordia were composed of nodose- 
septate hyphae and fiber hyphae that were similar in appear-~ 
ance to the hyphae observed in agar culture and still 
culture. The nodose-septate hyphae, which Formed, 1/4 ,c0 L/2 
of the mycelium, were distributed fairly evenly throughout 


the primordial mass. Occasionally, densely intertangled 
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masses or "islands" of nodose-septate hyphae were observed 
among the fiber hyphae. The nodose-septate hyphae in the 
primordia ees thin-walled or irregularly thickened. The 
relative amounts of each hyphal bone varied between the 
individual cultures. In some instances, the thin-walled 
hyphae had swollen clamp connections and solid appearing, 
short protuberances indicating the beginning of irregular 
wall thickening. The contents of the thin-walled, nodose- 
septate hyphae were homogeneous, granular appearing, and 
deeply stained with phloxine. The hyphae were hyaline when 
unstained and 1.1-3.3 uw in diameter. Branching often occur- 
red with branch diameters being the same or slightly narrow- 
er than the main hypha. The irregularly thickened, nodose- 
septate hyphae were of the same form and diameter as the 
thin-walled hyphae. They differed in the presence of 
swollen, solid appearing clamp connections, solid appearing, 
short protuberances, and a narrow, sinuous lumen in the 
irregularly thickened hyphae. These hyphae readily 
een from each other leaving one end of the hypha with 
the shook jpoxtionwor the clamp GPicure 98). 

The fiber hyphae were long, flexuous, sparingly branch- 
ed, and 1.7-4.4 ww in .diameter. The hyphal walls were color- 
less or yellowish-brown, refractive, and approximately l U 
thick, although the lumina in the central pontions ofthe 
hyphae frequently appeared conn ey occluded. The fiber 
hyphae were often fully developed, since the lumina were 


lightly stained and the only thin-walled portions were the 
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very extremities of the hyphae. The hyphae often measured 
over 1000 Ww in length. In rare instances, a developing 
fiber hypha was observed with deeply stained contents and 
thin walls. The great preponderance of fully developed 
fiber hyphae suggests that future pore development in the 
I2) month-old wood=block.culture primordia is unlikely. This 
situation is similar to the 3 month-old non-fruiting still 
cultures in which the primordia were composed mainly of 
fully developed fiber hyphae. The fiber hyphae in the wood- 
block culture primordia were compactly intertangled and 
interwoven with numerous hyphal ends protruding outward 
from the edge of the mycelial mass (Figure 99). The inter- 
woven fiber hyphae are responsible for the dense, coherent 
nature of the primordia. 

In the daedaloid and rounded pore areas, the fiber 
hyphae in the walls were very densely intertangled and inter- 
woven in the same manner as the hyphae in the still culture 
pore walls. The leading edges of the pore walls were 
composed of protruding, unbranched, apical ends of fully 
developed Pep a hyphae that had grown in an upward direction. 
Along the pore walls were scattered masses of densely 
intertangled thin-walled, nodose-septate hyphae. Immature, 
clavate basidia were often seen arising from these hyphae, 
but very few basidia with sterigmata or basidiospores were 
Seeered. Vemtdeidsia PS tddduded tin’, amigese Postdos85 of, 
while the slender sterigmata were approximately 3 wu in 
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surface but were found in discontinuous areas along the pore 
walls. Mature basidiospores were very infrequently | 
observed in’ the*pores." It’ appears that the basidiospores 
that were deposited in the upward facing pores had broken 
down since masses of granular, lightly stained debris were 
observed at the base of the pores. The debris may also be 
from basidia that had formed earlier in pore development 
and had now broken down. The few intact basidiospores 
observed were identical to those formed in agar culture 
and still culture. In many of the pores numerous, 
irregularly-shaped, unstained crystals were observed. 

These crystals were identical to those found in the 
vegetative mycelium. 

The elongate, open pores were composed mainly of 
fiber hyphae that were very densely intertangled and inter- 
woven. The edges of the pore walls consisted of unbranched, 
lightly stained ends of fiber hyphae that protruded out- 
ward in a horizontal manner (Figure 100). The hyphae 
ieeesed in the elongate pores were identical to those 
found in the daedaloid and round pores. Thetfiber hyphae 
were long, flexuous, aseptate, and 1.7-4.4 uw in diameter. 
The lumen was narrow, granular appearing, and lightly 
stained. The hyphal walls were colorless or yellowish- 
brown, refractive, end approximately 1 yw thick. Branching 
occurred sparingly, usually in the apical portions of the 
hyphae, or occasionally in the central porcitons ./) ane 


branches were frequently less than 100 u in length and were 
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the same diameter or slightly narrower than the hypha from 
which they arose. 

The thin-walled, nodose-septate hyphae were distribut- 
ed throughout the interior of the elongate pore walls, and 
scattered masses of densely intertangled, nodose-septate 
hyphae were observed along the pore wall surfaces. Inm- 
mature, clavate basidia were often seen developing in a 
palisade layer from the intertangled masses of hyphae, 
but few fertile basidia were observed. Along certain areas 
of the pore walls were masses of lightly stained, granular 
debris that appeared to be basidia that had broken down, 
The nodose-septate hyphae within the pore walls and in 
the intertangled masses were granular appearing, homogen- 
eous, abundantly clamped, and 1.7-3.3 w in diameter. They 
stained deeply with phloxine and were thin-walled through- 
out. The nodose-septate hyphae in the intertangled masses 
were profusely branched and somewhat contorted while the 
hyphae in the pore wall interior were less frequently 


branched and flexuous. 
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Figure 49. Malt agar culture ‘of F. Gaganderz (8-125), 
24 days old, grown at room temperature. Note 
the cottony-floccose texture of the central 
portions and the slight development of compact, 


felty mycelium at the plate edge. X0./70. 


Figure 50. Malt agar’ culture of F. ecajandere (8-3)1.5-- 
days old, grown at room temperature. Note the 
dense, compact, felty mycelium at the plate 


edge. X0707. 


Bieure. 517. Fiber hypha from the aerial mycelium of agar 
culture. Note the thick walls; narrow lumens 


and the lightly stained contents. X1480. 


Figure 52. Branching occurring at the apical portion), ct ca 


fiber hypha from the aerial mycelium. X580. 
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Figure 53). 


Figure. 54. 


Figure... 


Figure 56. 


Figure 95/7, 


Long, flexuous fiber hyphae and nodose-septate 


hyphae that form the aerial mycelium. X580. 


Irregularly thickened, nodose-septate hyphae 
from the aerial mycelium. Note the narrow, 
sinuous lumina and the broken clamp connection 


Carrow ii 246955 


Irregularly thickened, nodose-septate hyphae 
from the aerial mycelium. Note the narrow, 


sinuous lumina and thevthick walts. )-xilsi5- 


Thin-walled, deeply stained nodose-septate 


hyphae from the submerged mycelium. X580. 


Thin-walled, deeply stained chlamydospore 


from the submerged mycelium. X1480. 
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Figure 58. 


Figure 59. 


Figure 60. 


Still culture of F: ceajandert (8-3), Ll days 
old, grown at room temperature. Note the white, 
powdery aerial mycelium and the irregular, 


sparse margins Xi.6-. 


Still culture: of fF! Gajandert (B-1268)-30mda,— 
old, grown at room temperature. Note the 
white, cottony-floccose mycelium covering 


about half of the medium surface. -Xt.3. 


Thin-walled, nodose-septate hyphae from the 
submerged mycelium of still culture. Note 
the branch forming @irectly from arclamp 


connection. X695% 
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64. 


Thin-walled, granular appearing, ellipsoidal 
chlamydospore from the submerged mycelium. 


X695". 


Elongate, thin-walled chlamydospores from the 
submerged mycelium. Note the simple septa on 


each side of the chlamydospores. X695. 


Branched apical: portdon ota fiber hypha from 


the aerial mycelium. X580. 


Deeply stained, thin-walled apical end of a 
developing fiber hypha from the aerial 


mycelium. X1480. 
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Figure 565. Pine block culture of F. cajandert (B-189) 
grown at room temperature for 12 months. Note 
the dense, compact vegetative mycelium cover- 


ing the top surface of fine Dlock.Wexl. oa. 


Figures 66 and 67. 

Pine block culture of F. cajandert (B-189) 

grown at 20°C for JO) months. 

Top view - note the sparse, cottony-floccose 
vegetative mycelium and the small, 
hemispherical primordia forming at 
the top ‘edge of the block. Xfi3. 

Side view - note the dense, cottony-floccose 
vegetative mycelium covering the 


side of Sthemptock,. ~x a7 
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Figure 


Figure 


Figure 


Figure 


68. 


Oe 


Lon 


Thao 


Thin-walled, nodose-septate hypha with 
"nedallion"” type of clamp connection (arrow). 


X580. 


Irregularly thickened, nodose-septate hypha 
with short, solid protuberances along the 


hyphal: wall. Carrows)/.) X580); 


Densely intertangled and interwoven fiber 


hyphae of the vegetative mycelium. X580. 


Irregularly-shaped crystals in the vegetative 
mycelium of an aspen poplar block culture. 


X180. 
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Ficure, 7.2. Daedaloid pores forming along the plate edge. 


New pores are developing to the inside. X1.23. 


Figure 73. Pore walls developing on the compact, felty 
primordial area at the plate edge. The walls 


are irregular and incomplete at this stage. 


X5O5:6'5 

Figure 74, Rounded and sub-angular pore mouths of basidio- 
carp formed in agarweculeure: X56. 

Figure 75. Daedaloid pore mouths of basidiocarp formed in 
agar culture. SXSi70. 

Eigure. 76. Apical ends of fiber hyphae protruding from 


the leading edge of the pore wall. X440. 


Figure: 77%: Clavate, deeply stained basidia arising from 
the thin-walled, nodose-septate hyphae. 


Note the slender sterigmata. xX440, 
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Figures 78-82. 
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Figure 


Figure 


Figure 


Figure 
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O27 


Still cultures of FS cajandert, 2 months 
old, grown at room temperature. Note the 
various locations of primordial formation 


on the medium surface. 


Small primordia developing among large, 


hemispherical primondta., B=-189, xX0795. 


Large primordium (8 mm across) at the 


margin of the aeriaig@mat.. B=189, Xi2. 


Primordia forming at the margin of the 


aerial mat. ‘B-37mx095. 


Two small primordia developing on the 
medium surface away from the aerial mat. 


Bieter ge. 2/6 


Numerous primordia forming in scattered 


areas of the aerial mat. B-189, X0.95. 
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Figure 83. Still culture of F. cajandert (B-3), 4 months 
old, grown at room temperature. Note the 


extensive pore development on the aerial mat. 


Kiba 


Figure 84. Still culture of F. cagandert. (B=3), 4 montns 
old, grown at room temperature. The widely 
separated pores (arrows) give the mycelium a 


pitted appearance. X1.2. 


Figure 85. Leading edge of pore wall consisting of lightly 
stained, apical portions of fiber hyphae. 


X440. 


Figure) $6. Apical portion of fiber hypha from the edge of 
the pore wall. The lumen is lightly stained 


and the walls are ‘thine X25 5 


Figure 87. Densely intertangled and interwoven fiber 
hyphae of the interilow of the pore wall. 


X440. 


Figure 88. Deeply stained, clavate basidia from the pore 
wall of a basitdiocanp tormed in still culture. 
One basidium bears sterigmata and immature 


basidiospores. = Xii2o. 
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Figures 89-91. 


Figure 89. 


Figure 90. 


Figure 91. 


Compact, felty, hemispherical primordia 
developing along the top surface and top 
edges of wood blocks. All cultures are 


12 montis, old. 


Pine block culture of F. cajandert (B-128) 


grown at room temperature. ~X1).37. 


Pine block culture of F. cajgandert (B-189) 


grown at room temperature. X1.6. 


Spruce block culture of F. cajandert (8-3) 
grown at 20°C. Note the uneven, hummocky 
appearance of the mycelial mass on the 


block “Surface. =e 
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Figure 92. 


Figure 93, 


Figure 94. 


Figure 95. 


Figure 96. 


Figure 97. 


Aspen poplar block culture of F. cajandert (B- 
128) grown tat) 20°C for sO months.) “Shallow 
furrows and ridges are developing on the 


primordial surface .9 x02 go-. 


Pine block culture of F. eajandert (8-128) 
grown at room temperature for 12 months. 


Daedaloid pore mouths. X0.95. 


Spruce block culture of F. cajandert (B-128) 
grown at room temperature for 12 months. 


Daedaloid and rounded pore mouths. X1.3. 


Aspen poplar block culture of F. cajandert 
(B-128) grown at room temperature for 12 months. 
The widely separated, rounded pore mouths give 
the mycelial surface a pitted appearance. 


KOI. 


Spruce block culture of F. ecajandert (B-128) 
srown at) 20°C for 1O0imonths: Elongated, apen 
pores have formed along the side of the wood 


block. Mx laos 


Pine block ‘culture, of sf. cajandert (B-128) 
grown at room temperature for 12 months. 
Biecearedr open pores have formed down the 

side of a primordium at the edge of the wood 
block. Note the incomplete pore walls (arrow). 
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Figure 98. 


Figure..9 9), 


Figure 100. 


Irregularly thickened, nodose-septate hypha 
from the primordium. The clamp connections 
have broken leaving the hook portions on the 


hypha. X1480. 


Edge of a hemispherical primordium. The 
fiber hyphae are densely intertangled and the 
hyphal ends protrude outward from the edge. 


X180. 


Edge of an elongate, open pore. The fiber 
hyphae protrude outward from the edge of the 


pore wall in'a horizontalamanner. =xX1607 
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DISCUSSION 


The observations and results of this investigation 
have provided information on the development of F. 
eajandert in nature and in culture. The growth of the 
vVeretative mycelium ‘and ‘the formation "of basidiocar'ps "in 
both environments have been described more comprehensively 
tha Has**been prev iousliy' reported 20 Min tadd ition, "exiploratory 
work has been done on the effect of various carbon sources 
on growth and the effect of L-asparagine on the decay 
of wood-shavings. Temperature studies have confirmed 
earlier ‘work’ ‘that’ F. cajgandert grows at ‘a moderate rate 
in agar culture’? +The’ following discussion wil P ‘be 
presented in three major sections. The first will deal 
with the development of the vegetative mycelium and 
‘basidiocarps in nature. The second section will examine 
the results tofigrowtW iof cthist'species! "in culture® The 
third section will evaluate the taxonomic position of 
F. ecajgandert using information of the basidiocarp 
Eien: and the characters of the cultural mycelium. 
The usefulness of the cultural mycelium in determining 


taxonomic relationships will be explored. 
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A. Development in nature 


The vegetative mycelium in the naturally-infected and 
artificially-infected wood was similar in appearance in the 
early stages of decay. The mycelium is sparse and grows 
in a sinuous manner along the lumina of the tracheids, 
usuaily, parallel to the long axis of theveells. In’ the 
naturally-infected wood examined only the dikaryotic 
mycelium has been observed. Zycha and Knopf (1966) have 
reported isolating monokaryotic colonies of several poly- 
pore species from decayed wood. However, Larcade (1970) 
found only the dikaryotic mycelium in wood infected by 
Polyporus (Bjerkandera) adustus. Also, Adams and Roth 
(1969) recovered numerous dikaryotic isolates of F. cajandert 
from the heartwood of Douglas fir, but no mention is made: of 
monokaryotic isolates being found. Formation of basidio- 
carp primordia in monokaryotic cultures of F. cajandert has 
been reported by Neuhauser and Gilbertson (1971), but these 
structures were sterile. It appears, jtherefore, that) the 
dikaryotic stagenis i predominant wnetheriWiremcycle voter. 
cajandert in naturally-infected wood. In the advanced 
stages of decay the mycelium is often found in dense 
Dees geen in’ the tracheids near the ray cells the 
hyphae, on Tare occasions, (bear “medallion.” clamp ‘connec= 
tions. As noted earlier, the presence of "medallion" 
clamps on the vegetative hyphae of F. cajandert has not 
been previously reported. States (1969) found that the 


frequency of "medallion" clamps decreases and normal clamps 
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are formed as the hyphae of Gloeophyllum saeptartum 

progress toward an opening in the wood. Due to the scarcity 
of "medallion" clamps on the hyphae of F. cajandert, a 
cornnelation of the frequency, of, »these .champs, ‘and, the.area of 
wood where they were observed could not be made. It was 
noted, however, that the hyphae emerging from the wood did 
not, bear, “medallion” clamps. 

Proctor (1941) has suggested that fungi may be 
identified, by their hyphal characteristics )in decayed wood. 
This does not appear to be applicable to F. cajandert. The 
vegetative hyphae of this species in decayed wood show 
little differentiation and very few distinct hyphal 
characters are present to allow one to identify the fungus. 
The hyphae are narrow, thin-walled, clamped, an hyaline, 
and they grow_ in a sinuous manner through the tracheids, 
often forming dense aggregations near the ray cells. The 
tracheids are penetrated via the bordered pits or by bore 
holes which are wider than the infecting hyphae. All these 
SE Oe are common to a number of polypore species. The 
occurrence of "medallion" clamps and cracked bore holes are 
of limited diagnostic value due to their irregular and 
sporadic appearance. Roff (1964) has stated "while it may 
be, possible ‘to, diffenentiate, between ‘certain, classes of 
wood-inhabiting fungi on the basis of their hyphal 
characteristics as seen in wood section, cal Liar al testes 
are usually required to identify the species." In cases 


where basidiocarps of F. cajandert are absent or at a very 
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LG 
immature stage, identification of the fungus in decayed 
wood must be based on a combination of characters such as 
macroscopic and microscopic appearance of the wood and 
cultural features. The value of the cultural mycelium in 
identification will be discussed later. 

The mycelium near the wood surface emerges through 
cracks and fissures in the wood to form the primordium. 
Differentiation of the vegetative mycelium occurs at this 
stage in which some of the hyphae become thick-walled, 
brown-colored, and aseptate. The modification of the 
hyphae near the wood surface or emerging from the substrate 
is probably a response to the drastic change in environ= 
mental conditions that is encountered upon emergence. In 
the open the mycelium is subjected to greater light levels, 
higher oxygen concentrations, desiccation, and greater 
fluctuations in temperature. In addition, the mycelium 
Pe “vo “Longer Vin direct “contacttwith the substrate so 
nutrients must be transported from the mycelium in the 
substrate to the hyphae forming the primordiun. 

An interesting aspect of wood infected by F. cajandert 
is the frequent occurrence of red to reddish-brown stained 
areas. These areas have been variously described by other 
workers as "zone lines", "dark lines", “dark zones", or 
"discolored areas." The stained areas are due to dark- 
brown hyphal aggregations in the tracheids and a reddish- 
brown staining of the tracheid walls. In some instances, a 


dark-brown, amorphous substance is also seen among the 
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hyphae... The™specific reason® for the stained areas! 4s not 
yet known, although cultural studies by Adams and Roth (1967, 
1969) have provided strong evidence of its cause. These 
investigators have found that paired dikaryotic cultures of 
F. cajandert form lines of demarcation at the interface or 
contact: zones of" they colonies’? A®diseoloration® caused” by 
darkening of the mycelium and medium may occur in the 
contact zone depending on the genetic relationship of the 
cultures. Cultures distantly related formed demarcation 
lines 95-100% of the time, while cultures of closest 
relationship formed lines approximately 50% of the time 
(Adams and Roth, 1967). Further evidence was provided 
when cross-sections of Douglas fir infected by F. cajganderi 
were incubated for 5 months in sealed polyethylene bags. 
During this period surface mats of the fungus developed 
over the cross-sections, and demarcation lines formed 
between the various mats (Adams and Roth, 1969). In 
macroscopic appearance the lines were similar to those 
S6eGUrring® in® nature’ *Multpple taf ect tons? were* evidently 
o€curring®in thé Dotglas* fir in*which’ a*number”™of* colonies 
were COntribttingPto*thetdecaytorPthev trees The trindings 
of -these workers eeveaiéd an average number of 2.3 geno- 
types of F. cajandert infecting 49 glaze-damaged Douglas 
fC perees. 

LTtsisdpossiblepthat®thevstained areas*in*the®wood *of 
this study are due to interactions between different 


colonies of F. cajandert competing for the substrate. 
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However, it must be noted that the Douglas fir trees 
examined by Adams and Roth were living and were almost 
exclusively Tinfectedaby F: cajandert.— All wood samples in 
this study were obtained from stumps and logs and other 
species of wood-decay fungi were probably present in the 
wood. Thus secondary infection is a complicating factor 
which may be involved in formation of the stained areas. 
Further investigation is needed to explain their formation. 
The macroscopic descriptions .of .the, basidiocarps.of 
F. cajandert examined in this study agree in essentials 
with those of the literature. The basidiocarps are usually 
sessile or effused-reflexed in form, although the resupinate 
form has been noted in collections B-333. This specimen 
appears to be a rare exception since no mention is made of 
resupinate forms in the literature. The young, developing 
effused-reflexed basidiocarps may be temporarily resupinate 
and thus can be mistaken for a resupinate form. It is 
important, therefore, that the degree of development be 
taken into account when examining these young basidiocarps, 
aSeweklwas»their position!onsethe substrates.» The rrnesupinate 
form would develop in situations unfavorable for the normal 
growth form of the basidiocarp, such as on the underside or 
lower portions of large logs. Since F. cajanderi basidio- 
carps are often found in small groups, examination of the 
other basidiocarps present would probably show some attempt 
at pileus formation, indicating that the fungus is caty 


normally a resupinate species. 
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The pileus form is applanate or convex in fully 
developed specimens, but young specimens can be somewhat 
ungulate. The ungulate form has led to confusion with F. 
roseus which is often ungulate. However, the darker-tinted 
eontexteand tthe whack of: ‘accdtusttare rtwor features vof &F; 
eajandert that distinguish it from F. roseus. The context 
of F. roseus is silvery-pink, while the context of F. 
cajandert is rosy-pink to brown. 

The basidiocarps that develop in the large, lateral 
cracks of logs may become laterally fused and confluent to 
form long bands. In this study, fused basidiocarps have 
measured over 20 cm, but Shope (1931) has reported basidio- 
GaEps lover FOeem ein Leng hh, §Dwe toMtiv¥e tt éndewe paciipbhdsidio- 
carps to fuse laterally when developing in horizontal 
cracks, the measurements of maximum lengths for the species 
may be somewhat variable. Because of this variability, 
measurements given in this thesis are the maximum lengths of 
single basidiocarps that have not fused. The lengths of 
laterally fused basidiocarps are presented separately as is 
the case in most descriptions of the species in the 
Peeeratidre je be ishould be moted «that nba sidio dar psitof 6: 
roseus do not atten. Phe tendency to fuse laterally into 
long bands, but are usually found as solitary basidiocarps, 
or at most, only touching each other or partly fused. 

The basidiocarps of F. cajandert examined during this 
study were all found growing saprophytically, usually os 


conifer logs and stumps. The saprophytic nature of the 
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fungus appears to be the general rule since references 
reportings the; occurrence, of Fs eqgandert:onsliving) trees) are 
rare. Zeller (1926) noted that extensive damage to living 
peach and prune trees was due to this polypore, which was 
described as a wound parasite occurring on pruning cuts and 
broken branches. Damage was not limited to the heartwood, 
but could spread to the sapwood causing injury to the rest 
Orpithe, treet. Snell,r Hutchinsonkyands. Newtons (1928).used a 
culture of F. eajandert (as Trametes subrosea) isolated 
from the exposed heartwood of a living cherry tree in their 
temperature studies. As noted before, Adams and Roth (1967, 
1969) isolated numerous colonies of F. cajandert from liv- 
ing, glaze-damaged Douglas firs. In all these examples, 
the fungus had attacked initially the wounded parts of the 
tree, notably the heartwood. The ability to attack the 
wounded portions of a living tree does not imply that the 
fungus, can, attack, the living, cedis.-- To,provdde evidence 

offs ithiiss, diuwinie,) heakthy; t reessawouldyhaver to bes artifaci-— 
ally-infected, and the living tissues examined at a later 
date to show that the hyphae are attacking and causing the 
dieaith ofr the) celds. + \Unfomtunat ely.,).n0 work-iof, this, kind 
has been done biclitiy Fe eajanderd 41 0ther eee have used 
different polypore species such as Fomes (Ganoderma) 
applanatus (White, 1919) and Polyporus (Ptpttporus) 
betultnus (Henningsson, 1965) and successfully infected 
living trees with these fungi. 


The hyphal analysis of F. cajandert has revealed that 
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this polypore is dimitic with generative and skeletal 
hy puae present in all 'parts™of thée*bastdtocarp.” The sti¥ta1 
hyphae observed in this species, however, differ slightly 
from Corner's original concept of skeletal hyphae as first 
observed” in" Polysttetus.xzanthopus* (Cotner} 1932a):.. The 
skeletal hyphae in F. cajandert sometimes are branched, with 
Dranches arising from’ the apical”°or central portions of the 
hyphae. This type of skeletal hyphae has been named 
arporiftorm by”Teixeira’ (1962) because’ of "their tree-like 
form. In the basidiocarps of F. cajandert the branched 
portions of the skeletal hyphae appear to have a binding 
function, since they are interwoven among the hyphae to 
create *a* ftirns-compact mass* "ihe “stratghter“main porttons 
of the hyphae and the branched portions may be an inter- 
'mediary type of structure with a skeletal and binding 
function. Edwards (1972), when discussing the micro- 
structure of Cortolus hirsutus and C. pubescens, points out 
that the skeletal elements (hyphae) in these two species 
are branched at their distal ends with the branches growing 
between and interweaving among other skeletal elements. 
As the branches tie the context hyphae together to some 
extent, he believes they act as binding hyphae. It should 
be pointed out, however, that these branched skeletal 
hyphae are not dfndPeg hyphae in the original sense of 
Corner. The binding hyphae as defined by*Corner™’ CL953) "are 
much-branched, thick-walled hyphae of very intricate aa 


limited growth, developing behind the growing point 
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(margin). In the species examined, the branched skeletal 
hyphae develop in the marginal region and they do not show 
intricate and limited growth. Hansen (1958) describes the 
skeletal hyphae of several Ganoderma species that she 
studied as belonging to a skeletal-binding system. She 
states "though the stems are always longitudinal and act as 
a framework, the tapering branches funetion as ties," The 
branched skeletal hyphae that she observed were of the 
arboriform type. Hyphal analysis of Fomes Levigatus by 
Corner (1932b) revealed that this polypore was dimitic, with 
generative and skeletal hyphae being present. [In this 
fungus the skeletal hyphae are unbranched, or at most, bear 
only short projections om gpines. , slheizr role in the micro— 
structure of the, basidiocarp is w.etined was a fei with 
no transition between a skeletal and binding function. 

The skeletal “hyphae in, .the basidiocarnp of F.. cajandent 
develop in the marginal regions. This is in agreement with 
Corner who noted that the skeletal hyphae always arise in 
the growing margin. A skeletal hypha arises as a terminal 
qed of. «a Cee a generative hypha to which it is 
attached .»by a yolamp connection... As thevdeveloning skeletal 
hypha increases = length, ~.wall sthickening. in jche central 
portions occurs. In F. cajandert basidiocarps, wall 
thickening begins when the developing skeletal hypha is 
approximately 100 uw in length. Corner (1932b) found that 
wall thickening in skeletal hyphae of F. levtgatus began 


when the hyphae were 100-300 yw in length, while Edwards 
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(1972) noted that the developing skeletal hyphae were thin- 
walled until they were 200-500 u in length. Edwards also 
pointed out that the growing margin was composed of elongat- 
ing ‘apices: of end’ cell's’ which’ develop’ into Skeletal elements. 
Cenerative’ hyphae were’ not ‘found in the marginal region. In 
F. cajandert basidiocarps developing skeletal hyphae and 
generative hyphae were both observed in the marginal region. 
In F. tevtgatus basidiocarps, the margin consisted of 
radiating ends of skeletal and generative hyphae. I believe 
this difference in observations may be due to each invest- 
dgatorAs interpretation of the* marginal? tregion.* in’ this 
thesis the marginal region is considered to be the area 
between the outer edge of the basidiocarp-and 2000-3000 u 
back from the edge. This area is considered marginal since 
it is at the edge of the basidiocarp where skeletal hyphal 
formation and elongation are occurring. Corner and Edwards 
do not mention the distance back from the outer edge of 
the basidiocarp* that they consider marginal. Thus’ it is 
possible that Corner's idea of the margin may extend further 
back into the basidiocarp than Edwards' interpretation of 
thetHarsifut “Thé*marginat region in -my*conrcept™ and in 
Corner's concept may be submarginal by Edwards' definition. 
In the submarginal region Edwards notes that generative 
hyphae are found. The important aspect of the marginal 
region, however, is that skeletal hyphal development occurs 
here and is the result of stotedeines terminal cells of the 


generative hyphae. In effect, the marginal region is 
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actually the meristematic region. 

The skeletal hyphae in the context of F. cajandert 
basidiocarps are fully developed with thick, brownish walls 
and narrow, lightly stained lumina. The hyphae are 
arranged in a longitudinal direction. The branches of the 
skeletal hyphae are also fully developed and are interwoven 
among the longitudinal hyphae. The most interesting 
feature of the context region is the presence of differ- 
entiated generative hyphae. These hyphae have developed 
irregularly thickened walls and are contorted and tortuous 
imefLorm:\ | yThey irepresent sa csubstantial ppantaeofmtheccontext 
and are usually seen in dense masses or "islands" among the 
skeletal hyphae. In a number of polypore species the 
generative hyphae disappear completely in the context 
region, and are only observed inithe marginal 'regions. 
Teixeira (1960) describes some polypores where this is 
prevalent. He gives Fomes fomentartus and Ganoderma 
applanatum as two examples where the generative hyphae 
collapse completely. In a number of other polypore species 
differentiation of the generative hyphae does occur, usually 
in the form of wall thickening. The species include 
Cortolus hirsutus and C. pubescens (Edwards, 1972), Cerrena 
untecolor (van der Westhuizen, 1963), Polysttetus mtcrocyclus 
(Corner, 1953), and Fomes levigatus (Corner, 1932b). In 
regards to F. levtgatus, Corner states "many of the genera- 
tive hyphae at the base of the dissepiments and in the 


flesh immediately above have become thick-walled and rather 
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intricately interwoven, even irregularly lobed, and in thus 
assuming to. a small extent the appearance and function of 
the binding hyphae of P. xanthopus they help to strengthen 
tie .lave. «of. flesh .abowe,.the «tubes... ithe nie 
thickened generative hyphae in the context region of basidio- 
carps of F. ecajandert may contribute to the rigidity of the 
structures by acting as ties between the skeletal hyphae. 

Stable taxonomic criteria are essential in setting up a 
classification, and when macroscopic features that are 
variable are chosen artificial systems are often the result. 
The highly variable appearance of the pileus surface of 
Ea cajandernt ,.basidiocarps ls ,indicative of ssome of sbhe short— 
comings of macroscopic descriptions of this species. 
Depending on the stage of development and the effects of 
weathering, the pileus surface may be finely tomentose to 
badthateLlyifibrilLlose, .¢labrous, sto, furnowed,. .zonate .or 
azonate, and light-pink to grayish-white. The surface 
features are also reflected in the appearance and arrange- 
ment of, -the hyphae that .compose .the «surface... In the 
tomentose surface the generative and skeletal hyphae are in 
small.tufits, while in the ,lder areas the skeletal hyphae 
predominate and are agglutinated to form a firm, compact 
mass. In the weathered parts of the pileus surface, the 
skeletal hyphae are bleached and colorless in the upper 30- 
100, portions., The ,ntogenetical details .of sthe surface 
layers have not been examined in most polypore species. 


The observations of the hyphae that compose the pileus 
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surface of F. cajandert basidiocarps are descriptive and do 
not giveapreciserdetdils iof tthe chormation of athe eMey 
Further investigation is required to determine how the 
surface tissues arise from the generative and skeletal 
hyphae. Only a small aspect of the pileus surface, the 
zonation, will be discussed here. 

Since the basidiocarps of polypores grow by the 
accretion of marginal hyphae over a period of months or 
years, the marginal region is exposed to many different 
atmospheric and substrate changes. These changes may be 
shown in the surface coloration. Austwick (1968) has point- 
andae that the zonation of the pileus surface of the 
bracket fungi can give much information on the suitability 
of the weather for rapid or for slow growth during the 
period of development. He notes that generally, under 
conditions of high humidity and mild temperatures growth 
occurs rapidly, but under dry, frosty, or excessively wet 
conditions, growth may cease abruptly. The rate of growth 
will influence: thei colored, zones;\:sinte showing supaof 
hyphal elongation tends to accumulate protoplasm in the 
hyphal tips, where pigment may also concentrate (Austwick, 
1968). The influence of changes in the atmosphere 
surrounding basidiocarps of F. cajandert appear to be 
represented by the zonation of the pileus surface. In the 
zones the hyphae have dark re er dark reddish-brown 
contents which may be the result of unfavorable eudahh 


conditions. The exact relationship of environmental 
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factors to zonal types requires more investigation. 

irregudar Zonation® iniithe, context’ 46 equally’ diffteult 
to account for in.terms of environmental influence. With 
very few exceptions, e.g., Larcade, 1970, almost no 
ebservationst of" humidity;, rainfaligvtenper ature ,{iaicht, etc. , 
have been taken during the development of the basidiocarps. 
pomeY iin Jew of fF.“ cajandert basidiocarps® reveal that’ at the 
edges of the zones there are deeply colored skeletal hyphae 
with dark contents. It appears that during unfavorable 
eonditions); such: as desiccation, most of the hyphal’ tips 
have become agglutinated and die. When favorable growth 
conditions return, new growth is started by lateral branches 
behind the zone edge and hyphae grow between the dead 
hyphal tips. Occasionally, new growth begins from the edge 
of the pore field and extends up and over the old surface 
to form a new margin. The skeletal hyphal tips may show 
renewed growth in which the result is a constriction in the 
hyphae. Edwards (1972) observed similar constrictions in 
the hyphae of C. pubescens. He thought the temporary 
cessation of growth of the apices allowed wall thickening 
toxcatch!  upttosethe apicesirestitting in? slight*thickening 
of the walls. When growth resumed only the very tips of 
the hyphae elongated so a constriction is formed. 

The "white, stuffed" appearance of the older pores in 
basidiocarps of F. cajandert is bdtsed by thin-walled 
generative hyphae growing into the pore space. The hyphae 


appear to develop from the generative hyphae of the 
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dissepiments and from sterile basidia lining the pore wall. 
Gornex, .C1932b) »noted, that, in Ff. Levitgatus, ithe older -ones 
were also filled with hyphae which he called "stuffing 
hyphae." These hyphae were narrow, aseptate, and thickened 
with pale yellowish walls. They developed from the 
generative hyphae of the dissepiments and from the vegetative 
mycelium growing into the context from the base of the 
basidiocarps. In the pores of F. cajandert basidiocarps, no 
hyphae could be traced from the mycelium at the base of the 
basidiocarp growing into the pore space. The development of 
elongated hyphal tips from basidia has been reported by 
States (1969) in basidiocarps of Gloeophyllum saeptartum 
that: were stored in’ a cool, moist -container ~. ‘It is 
possible that in the natural environment the basidia in 
pores of F. cajgandert basidiocarps respond in a similar 
manner under cool conditions. 

Ln “eouncludine this section, 10 (cam be imeported “that 
the macrostructure of F. cajandert is highly variable due 
to the effects of weathering and the stage and position of 
development. There may be an overlap in certain morpho- 
Voritcalsféeatures of bDasiditocarps of "this “species and &. 
roseus which can lead to confusion between these two 
similarly-colored polypores. The microstructure of F. 
cajandert basidiocarps has revealed that they are dimitic 
with generative and skeletal hyphae. The generative hyphae 
show distinct differentiation in that the walls become 


irregularly thickened. Also the clamp connections become 
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swollen and solid and are easily broken. Solid, short 
protuberances may develop along the thickened walls. The 
skeletal hyphae are somewhat distinct in that they 
occasionally develop branches in their apical and central 
portions. These branches appear to have a binding function 
while the longitudinal portions of the main hyphae act as a 


framework, 


B. Development in culture 


1. Growth of the vegetative mycelium 

The vegetative mycelium of F. cajandert in the three 
types of cultures showed a, remarkable, uniformity in hyphal 
types. In all three types of cultures thin-walled, nodose- 
septate hyphae, irregularly thickened, nodose-septate 
hyphae, and fiber hyphae were observed. The relative 
amounts of each hyphal type varied in each of the cultures, 
but the mode of development of the irregularly thickened, 
~nodose-septate hyphae and the fiber hyphae was identical in 
ally cultures. Slight variations did occur tin the hyphal 
diameters and in the number of branches that developed on 
a fiber hypha, but overall there was uniformity of form and 
development zof»each of the hyphal types in. the ~hrec 
euitures. 

The irregularly thickened hyphae developed from the 
thin-walled, nodose-septate hyphae. The first indication 


of wall thickening was the development of swollen, solid 
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appearing clamp connections and short, solid protuberances 
along the hyphal walls. The walls later became irregularly 
thickened, ,refractive, and hyaline,, The lumen was observed 
as,a narrow, ,uneven line passing from side to side in,the 
hypha. The fiber hyphae developed from the terminal cells 
of the thin-walled, nodose-septate hyphae. A fiber hypha 
initially grows as.a long, flexuous, hyaline, aseptate 

cell, its diameter being the same as the hypha from which 

it arises. As the, developing fiber hypha,grows, its 
diameter gradually increases until it may be 2-3 times the 
diameter of the proximal.end.. Wall.thickening.occurs in.,the 
developing fiber hypha when it is 50-100 yw in length. The 
Gentral portions ,of the fiber hyphae ‘thicken first and this 
wall thickening process continues towards each end of the 
hypha. The lumen becomes narrower and the contents appear 
Paintlycstained,as wall thickening, continues. Therthickened 
walls a4ppeaneretpactive, colorless, and mayvreach d\vin 
thickness. Fully developed fiber hyphae may measure over 
1500 yw in length. 

The desceiptions ef ~the agar cultures given in this 
study agree reasonably well with the descriptions of F. 
cajandert by Nobles (1965)... She reported that agar cultures 
of F. cajandert are pink or vinaceous, cottony to cottony- 
floccose, pitted, chlamydospores rare, 10.5-24.0 x 6.0-7.5 iu, 
thin-walled, fiber hyphae occasionally branched, hyphae with 
walls irregularly thickened Ulests (for extracellular oxid~ 
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occurred, at?other’ times no color change occurred: 1° have 
round” that” the central” parts’ or the’ plates were cottony to 
cottony-floccose, but the edges often became dense, compact, 
and felty. Pitted areas were not observed in the cultures. 
The range of chlamydospore sizes given was similar to the 
fandings” of tiis study.” Tn°atil teste tor extracel lugar 
Datuasces, Using“ an"alcoholic*solution of guatacum. no 
Peosltive test” resulted." Gait@ic’ or*tannie aciapvapar plates 
were’ Oc used in the’ tests.” [t Ts” possiplte™ cnet, 179 these 
had been used, a positive reaction for extracellular oxidase 
would have occurred. Accord ing*to* Nobles? (1971) > the color 
changes that occur are probably caused by one or more 
laccases released by the cells into the medium. Irregularly 
thickened hyphae and branched fiber hyphae were observed in 
the cultures in agreement with Nobles' descriptions. Fiber 
hyphae had developed as described by Nobles, as elongated 
terminal cells of hyphae. 

The hyphal types found in the mycelium of -cultures* are 
Similar to those found in “natore. Edwards (1972) noted in 
Coriolus species that little superficial growth occurred 
over the wood except in places where humidity was high such 
as’ beneath. logs or in cracks in the wood.) In this study 
was noted that light-pink to white mycelial mats occasion- 
ally formed in deep cracks of wood under moist, shaded 
conditions. This mycelium is like the aerial mycelium 
grown in culture and examination of these mycelial mats 


showed that two hyphal types were present. 
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One was long, flexuous, thick-walled, aseptate, refractive, 
and 0.9-3.5 WH in diameter. These hyphae were sparingly 
branched and loosely intertangled to form a cottony to 
cottony-floccose mat on the wood surface. The second 
hyphal type, which was intertangled among the thick-walled 
hyphae in an unorganized manner, was thin-walled, hyaline, 
clamped, and 0.9-2.6 yw in diameter. The light-pink color 
appeared to be due to the light yellowish-brown walls of 

the thick-walled hyphae. These two hyphal types were 
identical in appearance to the fiber hyphae and thin-walled, 


nodose-septate hyphae produced in culture. 


2. Physiological studies 

The. erowth rate of 3. lisolates of Fs cajganderz: on malt 
gear was maximal at 28°C with inhibition approached ‘a. 37°C. 
Snell, Hutchinson, and Newton (1928), usine at’ Least 15 
isolates of the species, observed that maximal growth occur- 
red at 30°C and was inhibited at @#3$°C. = Humphrey and Siggers 
(1933), using only one isolate, reported optimal growth at 
28°C and inhibition at 38°C. These results, agree reason— 
ably well with each other consideting Chat gt igntly diftfer— 
ent media and methods of measuring radial growth were used 
Ene studies’. The two cardinal temperatures Eound for 
F. cajandert support the contention of Cartwright and 
Findlay (1958) that cardinal points do appear to be fairly 
constant in any species. These workers also point out that 
even though the cardinal points are constant, there may be 


differences in the absolute rates of growth of different 
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isolates from separate areas. This was noted in this study 
and ginsithesmesudts ofySnellg Butchdnsongt andeNewtoneso The 
optimal growth of F. roseus is reported by Snell, Hutchin- 
son, and Newton (1928) to occur at 26-28°C. The growth rate 
of this polypore is decidedly slower than F. cajandert at 
30-32°C. These workers report that these two related 
species can be differentiated with absolute reliability by 
growing them at 30-32°C. 

The results of the growth-curve experiment using 
dextrose-salts medium are similar to those obtained by other 
workers. Ward and Colotelo (1960), using a "low-temperature" 
basidiomycete growing in liquid synthetic medium, observed 
a lag phase during the first few days, followed by a rapid 
increase in growth, and finally, an autolysis phase where 
dry weight either decreased or where growth was counter- 
balanced by autolysis... The accumulation of toxic metabol- 
ites or shortage of nutrients may cause cessation of 
growth during the latter stages. With F. cajandert growing 
in the synthetic medium, maximal growth was approached 
about 21-28 days after inoculation. Thus an incubation 
period of 23 days was chosen for the carbon utilization 
studies. 

In the malt extract medium the growth of F. cajandert 
showed no detectable lag phase. This was expected since 
the inoculum was transferred from a malt extract medium of 
the same composition. There would be no need for enzymatic 


adaptation by the fungus. The greater amount of growth in 
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the malt extract medium compared to dextrose-salts medium 
was also expected, since the malt extract probably contains 
greater amounts of carbon and/or nitrogen as well as unknown 
growth-factors and vitamins. Other workers have also 
reported greater growth on malt extract medium compared to 
most synthetic media (Jennison, Newcomb, and Henderson, 
VOSS) * 

In both growth-curve experiments the pH dropped during 
the incubation period. In the dextrose-salts medium, the 
initial pH was 4.7-5.0 and after 36 days it had dropped to 
about 3.4. The malt extract medium showed a decrease in pH 
feon 257. 39 *t of LAs tater: (3 5 ideas DutA, dddrea sie tiimepH Gras! chound 
by Henningsson (1965) using Polyporus (Ptpttporus) betultinus 
and Polyporus margtnatus working with a number of carbon 
sources. The pH changes may be due to production of acid 
substances by the fungus during the incubation period. 

Good growth of F. cajandert occurred with dextrose, 
D-mannose, and cellobiose and slightly less growth occurred 
aa Bh maltose. Little growth occurred with D-xylose, D- 
friictiose,: gail acitiose,s anid tsucmose xe pLive mic gisi gibi € ignowth 
occurring in the negative controls shows that nutrient 
carry-over by the inoculum was minimal. Henningsson (1965) 
reported that the brown-rot fungi P. betulinus and P. 
margtnatus both showed good growth with glucose, mannose, 
and cellobiose. He also pointed out thaitiuirt:.is Tot wnuwsuwail 
for cellobiose to give better growth than glucose. He 


suggests that certain impurities in cellobiose may account 
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for this growth effect. The small amount of growth with 
D-fructose was unexpected since this sugar and dextrose 
and mannose are closely related hexoses. It is possible that 
fructose is altered more by autoclaving than the other two 
which may affect its utilization by F. cajandert. Compari- 
sons of growth using autoclaved and filter-sterilized 
fructose should be-done to substantiate this theory. A 
small amount of growth also occurred with D-xylose, galact- 
psec sqvand ysuorose.. Lidl yo ands \Barne tts, (1953) ound? that many 
of the 57 fungi they examined grew well on xylose and 
sucrose. They also reported that some of the fungi grew 
slowly on galactose at first but, after a time, depending 
on the experimental conditions and species, galactose was 
used readily. It is possible that the incubation period 
used in this study may not have allowed the fungus to 
adapt.to the substrate on,which) it.was growing... However, 
galactose supported only fair growth of P. betulinus with 
an incubation period of 35 days (Henningsson, 1965). 

The results°of the carbon utilization studies are 
difficult. to, compare, with, ithose;reported,in tthe literature 
because different experimental methods and different fungi 
were used. Also different isolates of the same fungus 
would probably yield slightly different results. Lilly and 
Barnett,.(1953) remark, that,fungi rarelys, ifeeverga comeidn 
contact with a single carbohydrate in nature. They suggest 
that some Se ude eee which are-noteutilized. by, fungi 


when they are the only carbon source in a medium, may be 
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readily utilized in the presence of a utilizable simple 
sugar. Both P. betulinus and P. marginatus were able to 
decompose filter paper to only a small extent as reported by 
Henningsson (1965). However, under natural circumstances 
cellulose is utilized rapidly by these two brown-rot fungi. 
Henningsson postulates that in the wood substrate the 
presence of other carbohydrates may induce greater produc- 
tion of cellulases. The presence of other organisms break- 
ing down cellulose into cellobiose may also be a factor 
that “allows ‘utilization ‘of *cellwlosevin imaturesouThe effect 
of mixtures of carbohydrates on the growth of fungi should 
be investigated. 

The results of the wood-shavings experiment revealed 
that both isolates of F. ecajandert decayed spruce shavings 
to a much lesser degree compared to the negative controls 
when relatively high concentrations of L-asparagine were 
added. At concentrations of 0.54 and greater, decay was 
substantially less than the controls and the cultures with 
OV1% L-asparagine* concentration. These*findings were 
completely unexpected in that other workers had reported 
much greater weight losses when an organic nitrogen source 
was added to the wood. Findlay (1934) observed that the 
addition’of°asparagine to’ blocks*of¢Sitkaesprucetcausedia 
large increase in weight loss by Trametes sertaltis. Blocks 
treated with 1.0% asparagine lost 37.0% in weight while the 
controls Lost 25.82 in wetght. “Schmite%and) Kaufert’ (1936) 


reported that the addition of asparagine at 0.5% and 1.0% 


‘otomts sidgelriisy wo 4 | 


09 oids sew Suton agar aie : 
vé bettoqet es 4e0dxe Dlame) a jase’ ™ Syed TH7LER 
| so onnsemraths Teveiee depen’ roe aaameey 

faaet Jorenword oud ouedy Ce Eo | 
et sasitedwe boow! was” £ 3m * me 
-sirbory Veahexg ‘eovnd et cosarietodzed) xslso: 10°90 
-dnard amiriagio yoddo bo soneaatq edt) lkwen th i 3 
16398? @ 4d ola yar sa0bdokigs odnt sdotutt 2 | " 
eae meee re exotut hee Se ‘wel vaab teu 'ewGl 
bieode taawi to divery ae | it 
believer tdenhragxe sgusonhbcdabe sh ata 
cart Vee o307qd hoynsed Indbwotes ee aesatout ‘a re 
colossus evidagen sd¥ oF boveq@ey sexgal a a 
1a ntgurxeeuay vo doo Seinen “Handed 
saw (endh! eesmake OHNE) 0/26 sisieaesiam 4 
tilw gereiton ada bas elorsaod ott asieehockl eka 

ataw ognkbare sniedt noksexziiasa0s skigeestittet 
bytraqe: tat eretrow tsdre" saud ‘av bossngxsmw el + i 
SIXVOe aeRorI die’ See EtO ge aodw aceset statin assent y 
of2 Jeo bovrgado dacen: ae ibart™ bddereds on Bobb "eay } hi 
s boerao oourqe eheeente ied cteciineaeibee ie 
elicit ob ininoe asdamogt ye esol (aighew ab 6sdey 
e493. eihiw sdgtew ak sete Seat scbyevadge Ro: lave Hichents 
(S£Ci) s291ved bas siiedss | shftow WERE ES Ydor totals 
30.5 bos R10 ys culgaveqee Td wot sisibe sds ‘say BU sdege mH 


| : ; ia Ly ; lay Lb 
: a) 


Coe 


ery 


ian 
c+ 


aoe | ~ oa 


186 
concentrations caused significant increases in weight losses 
in sawdust cultures of Lenzgttes trabea. 

[It hasvalso been found that addition of nitrogen and 
carbon sources can decrease the amount of wood decay. 
Schmitz: and»sKaufert): (1938) investigated the effect lof 
additions of dextrose or dextrose and asparagine to sawdust 
cultures of Lentitnus leptdeus. A significant decrease in 
weight loss occurred when these nutrients were added. These 
workers suggested that the fungus was utilizing the more 
readily available nutrients to produce large amounts of 
mycelium, but the sawdust was not been attacked as rapidly 
in the presence of nutrients as it was when they were absent. 
The fungus was developing largely at the expense of the 
dextrose and asparagine present and only to a limited degree 
at the expense of the wood substance. This does not appear 
to be the case in this study. Stimulation of mycelial 
growth of F. cajandert occurred in the cultures containing 
little or no added L-asparagine. In the cultures contain- 
ing L-asparagine at concentrations higher than 0.5% almost 
no mycelial growth occurred and only slight weight losses 
were recorded. Growth inhibiting substances may have 
formed when the wood-shavings and L-asparagine were auto- 
claved together. It should be noted, however, that Schmitz 
and Kaufert autoclaved their sawdust cultures together 


with the asparagine and observed no inhibition of growth. 


3. Development of the basidiocarp 


Fertile basidiocarps formed in all three types of 
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culture. Fruiting occurred readily in agar culture, less 
readily in wood-block culture, and very erratically in sed 11 
culture. Normal appearing basidiocarps did not form in any 
of the cultures. The closest appearance to natural basidio- 
carps occurred in the agar cultures where the rounded to 
sub-angular pore mouths were similar to those found in 
natural. basidiocarps. In the other types of cultures the 
pore mouths were often daedaloid and somewhat irregular. 

An interesting aspect of the basidiocarp development 
was the various times at which primordial and pore formation 
took place. Fruiting occurred in 3-4 weeks in agar culture 
while in still culture and wood-block culture fruiting did 
not occur until 3-4 months after inoculation. It is 
possible that a shortage of nutrients may induce basidio- 
carp development in agar culture. The mycelium, upon 
reaching the edges of the Petri plates, no longer is able 
to obtain nutrients and its response is fruiting. Other 
factors may be involved such as aeration. Basidiocarp 
development frequently took place near the edges of the 
Petri plate where there may be better gaseous exchange 
from underkthe»lidvof «theecplate.inTheefailuresofer: 
ecajandert to fruit readily in still culture was unexpected 
since numerous primordia developed, but very few pores. 
Hawkers (1966) cpoints ,ouththatpthe furequentefaidurecot 
fungi to sporulate in large volumes of liquid media may be 
attributed to the accumulation of carbon dioxide as a 
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free ammonia or other volatile metabolic products may also 
be important. The slow development of pores in the wood- 
block cultures is somewhat similar to the findings of 
Mounce (1929) who was working with Fomes pintcola. She 
reported that the mycelium grew out from the inoculum and 
gradually covered the block. One year after inoculation 
primordia began to form. 

The formation of pores in the three types of cultures 
was preceded by primordial development. The primordium was 
a compact, felty, light-pink to light-brown, raised 
mycelial mass. In all cultures the pores usually formed 
only on a small area of the primordium. Exceptions to this 
were noted in the wood-block cultures where pores occasion- 
ally covered the entire primordial surface. Pore formation 
was similar in all cultures. On the primordial. surface 
shallow furrows and ridges formed. The upward or downward 
growth of the ridges, depending on the type of culture, 
resulted in formation of pore mouths. The pore mouths may 
be diatedalitoyt dp: sub-angular, or rounded because of the 
different thicknesses and configurations of the pore tie 

The hyphal types observed in the basidiocarps were 
similar. The fiber hyphae, which composed most of the pore 
walls, grew in a downward or upward direction, depending on 
the type of culture. The hyphae interwove among each other 
to form a very coherent, dense pore wall. At the edges of 
the ‘pore walls sthe apicals«portions ‘of «the «fiber yhyphae 


protruded. Along the pore wall surface scattered masses 
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of thin-walled, nodose~septate hyphae are found from which 
many basidia arose as terminal cells. The basidia and 
basidiospores that formed in the three types of cultures 
were’similar in shape and size. 

A comparison of the hyphal types and hyphal organiza- 
Eton sin ithevnmatural and cultural’basidiocarps'*can be made. 
Brom the descriptions it is apparent that the cultural 
hyphae are similar in form to the hyphae of the natural 
basidiocarps. The skeletal hyphae are occasionally 
branched, thick-walled, aseptate, brownish-colored, and 
Pei=3 2.9 Wy inediameters The fiber hyphae are laseptate, 
colorless or yellowish-brown, sparingly branched, and 1.7- 
4.4 p in diameter. In their respective basidiocarps these 
hyphae are interwoven among each other in the pore walls 
and) their hyphal. tips protrude at the edge of the pore. The 
thin-walled generative hypha, and its counterpart, the thin- 
walled, nodose-septate hypha are found along the pore wall 
surface where they give rise to clavate, thin-walled basidia. 
The basidia give rise to narrow-cylindric, smooth-walled, 
45027 .0: sod 5-2). 01 (G23) we Pack diospores!.. [rreguiariy 
thickened hyphae are infrequently observed in the pore 
walls of the natural basidiocarps, and ini the pore walls of 
older agar cultures. Nobles and Frew (1962) reported that 
in the fruiting areas of cultures of Pyenoporus ctinnabarinus 
there were fiber hyphae, frequently in parallel arrangement, 
which were probably comparable to the skeletal hyphae of 


the context. In the F. cajandert basidiocarps formed in 
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culture no parallel arrangement of fiber hyphae was noted. 


C.. Taxonomic considerations 


Examination of over 90 collections of F. cajandert has 
provided new information about the microstructure of the 
natural basidiocarps, but no new characters of the macro- 
Structure were found. An evaluation of ‘the deseriptions 
or this species in*the literature will be) given in) licht of 
the information provided by this study. Since F. cajandert 
and F. roseus are often confused because of their pink- 
colored pore surfaces and occasionally, their similar form, 
the latter species will also be examined in this discussion. 

The descriptions of the macrostructure of basidio- 
carps of F. ecajandert in this study agree reasonably well 
with those in the Vere eee No new characters were 
found that extended the range of morphological features. 
The descriptions in the literature are of basidiocarps 
considered to be fully developed. It was noted in this 
study that young basidiocarps may be temporarily resupinate 
before assuming the effused-reflexed mature form. The 
resupinate| form is not characteristic of the fully devetlop— 
ed basidiocarps. 

In many of the descriptions of F. cajandert in the 
literature F. roseus is mentioned and various features 
are given to help distinguish the two species. An 
exception is the work of Murrill (1903)), whe thought: that 


F. cajandert and F. roseus were the same species. This 
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concept has been proven incorrect. Weir (1923) Beal gite ts 
ed these two species by differences in context color, pileus 
surface features, and shape and size of spores. He also 
noted that F. roséus was found only on coniferous wood while 
F. cajandert (as Trametes subrosea) was found on coniferous 
and angiospermous wood. Since that time there have been 
reports of basidiocarps of F. roseus growing on angiosper- 
mous wood. Bondartsev (1953) contends that F. cajanderti (as 
Fomttopsts subrosea) is easily distinguished from F. roseus 
by the thin, dimidiate pilei that never acquire the 
ungulate form, the zonate surface, and the radially flatten- 
ed fibers of the former species. Variations of the F. 
cajandert basidiocarps observed in this study do not allow 
these characters to be used with that degree of certainty. 
Bondartsev also states that the context is darker in F. 
cajandert and the spores differ from those of F. roseus. 
According to Overholts (1953) F. roseus is readily distin- 
guished from F. cajandert by differences in spore shape 
and’ ‘size. " The basidiospores of. cajandert are narrower 
and slightly curved , measuring’ A-7e xi 1 «5-2, wh? whale in 
F. roseus they are elongate-ellipsoid to oblong, not at all 
curved, and measure 5 a7 (-8) x 2.5-3.5 uw. These observa- 
tions were confirmed by Mounce and Macrae (1937) who also 
applied the mating test and found these species to be 
completely intersterile. Similar measurements of F. 
cajandert spores were obtained in this study, although 


infrequently the spores measured 2.3 uw wide. Another 
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distinguishing feature is the significant difference in 
growth rate at 30°C between the two species as reported buss 
Snell, Hutchinson, and Newton (1928). To sum up, F. 
cajandert can be positively distinguished from F. roseus by 
using any of three criteria: spore shape and size, growth 
Hajee Sin sO IMajtding: t esitis «. Fike hdiyohar acctiems) ‘that cans abe 
used, but with less degree of confidence, are: the darker- 
GoLoned tcontextiy tthe ckack cof ‘any cinerwsta tion « sand)«the 
often fused basidiocarps of F. cajandert. Basidiocarps of 
F, roseus)vare ssolitany and) never laterally \fusedtin long 
bands like F. cajanderi. 

The microstructure of F. cajandert basidiocarps has not 
been examined in detail until this study. The hyphal 
descriptions in the literature are scanty and no information 
on hyphal development is given. A typical description of 
the hyphae found in F. cajandert basidiocarps is that of 
Overholes «(L953).< He robservedcthat dim KOH dsodmtton; ithe 
hyphae were pale brown, long and flexuous, simple, with no 
cross walls or clamps, 2.5-5 vw in diameter. Bondertsev 
(1953) recorded the hyphae as "faintly colored, rusty to 
light-brown in bulk, with very sparse branchings, thick- 
walled or even devoid of lumen, sharply outlined, (2-) 3- 
4950 .(-5./5)4 Wi thick,»din the,tubes generally. thinner jand 
Mone SANUOUWS. thee In these descriptions the authors are 
describing skeletal hyphae. Ws oency Se branchings noted 
by Bondartsev probably are those of, the, arboriform skebetal 


hyphae. A major hyphal type that is not mentioned in any 
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of ‘the ‘species descriptions “of "F. “cajgandert “isthe "presence 
of irregularly thickened generative hyphae. These Avstde. 
are found abundantly throughout the context regions of the 
basidiocarps and are very characteristic because of their 
swollen clamp connections, short, solid protuberances along 
the hyphal walls, and their marked tendency to break at the 
clamp connections. The differentiation of these generative 
hyphae is characteristic of F. cajandert and as such should 
be included in the species descriptions. Teixeira (1960) 
states, "The majority of descriptions of the hyphae of 
polypores refer to the skeletal and (or) binding hyphae. 
Most *"tescripttons “of-*dimiticv’or *trimitic: species “vonpretely 
ignore the generative hyphae." According to feixeilra, 
the importance of clamp connections on these hyphae is 
that it “provides “a clue ‘to *the "phylogeny “of the 'spectes. 

Tt "fs ‘commonly “accepted “that *clamp”conmections were present 
on members of the ancestral groups of Basidiomycetes. Thus 
species that still show clamp connections have retained 
the ancestral “way “oft "reproducing “thetr dikaryotiercelis: 
The Srse “or *culrturarPyeharacters In identtedeation of 
polypore*species has received much attention in “recent 
years due to the work of Nobles. She has published keys by 
which wood-inhabiting polypores can be identified by a 
wumber of criterias “Therdiagnostic characters dicpia yea’ by 
many fungi growing in culture ape uniform and the micro- 
structures produced are constant for each species (Nobles, 
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also applies to the hyphae found in the natural basidiocarps. 
There is a striking homology between the hyphae produced in 
euttures,anddan.nature, It is well known that the complex 
basidiocarps of polypores are extremely difficult to 
examine in terms of the form and development of the hyphae 
present. By examining cultures of the same species the 
hyphal types may be more readily determined, since the 
mycelium. produeed dn.culture is,much,less-edifficult to 
dissect and observe. Comparative studies of cultures and 
natural basidiocarps would allow a better understanding of 
hyphal development in culture and in nature. Studies by 
vanider,Westhuizen (1963) and.Nobles: and.Frew. (1962) are 
two examples of where this has been done. More of this 
Eype ofswotrksis.tequired, in,order,.to,eainga ee range of 
morphological attributes upon which homogeneous, natural 
classifications of the Polyporaceae can be based. 

It should be pointed out that Nobles (1971) believes 
the fiber hyphae produced in culture are homologous with 
the skeletal and binding hyphae of the natural basidiocarps 
and.» inageneral,,occur,.dn,fhose, species wheres besiddocarp 
hyphal systems are described ,as dimitic or. trimitic. The 
thin-walled, nodose-septate hyphae of Nobles’ terminology 
are therefore homologous to the generative hyphae of Corner. 
It should also be noted that, although the hyphae-are 
homologous, one should not assume that the hyphae will be 
identical in every aspect. .of form and development... Slight 


variations,in,hyphel,ddiameter, «wally color and.thickness, 
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L95 
number of branches, etc., can be expected. The hyphae in 
culture are growing under conditions of enriched nutrients, 
moist atmosphere, relatively constant temperature, and 
limited aeration. The hyphae in natural basidiocarps are 
subjected to the effects of weathering, desiccation, high 
light levels, fluctuating temperatures, and relatively high 
oxygen levels. These factors will influence the final 
morphology of the hyphae and thus minor differences may be 
noted between the hyphae produced in culture and in nature. 
However, this does not detract from the usefulness. of 
cultural mycelium in providing basic information about 
hyphal development since, under similar cultural conditions, 
the hyphae show a remarkable homogeneity of form and develop- 
ment. This is exemplified by F. cajandert in which the 
irregularly thickened generative hyphae of eye natural 
basidiocarps are the same as the irregularly thickened, 
nodose-septate hyphae produced in culture. 

In F. cajandert the development of the mycelium in 
mature and in culture is essentially the same through the 
vegetative and reproductive phases. On the basis of this 
study one set of terms is all that is necessary for 
describing the development of both the natural and cultural 
mycelium because there is complete agreement between these 
phases’as to hyphal -structure and development.) (therefore, 

I believe that the terms generative, irregularly thickened 
generative, and skeletal should be used to describe the 


kinds of hyphae. The descriptive phrases thin-walled, 
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nodose-septate, and fiber for hyphae developing in culture 
can be discarded. Thus, comparison of the structure and 
development of different polypore species will be made less 


difficultcby.this.simplif£ication.of terminology. 
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APPENDIX II 


Staining Schedule for Decayed Wood Sections 


(modified from Cartwright, 1929) 


ay 1% aqueous safranin 30-45 sec 
Lie Wash in distilled water 
3 Heat gently over alcohol lamp with 
picro-aniline blue 2-3 min 
Ae Wash in distilled water 
Se Ethanol series - 5024 1/2-1 min 
702 fu 
85% ” 
98% ace 
6. Clear in clove oil 2-3 min 
ip Wash twice in Een 
o. Mount in Kleermount 


The wood cells stain red while the mycelium stains blue. 
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APPENDLX oh UL 


Basal Synthetic Medium 


(Jennison, Newcomb, and Henderson, 1955) 


Glucose 100 gm 

Glutamic acid 800 mg total 
nitrogen 

KH» PO, 6.0 gm 

MgSO, °7H20 0.4 gm 

Thiamine hydrochloride 25.9) eS 


Trace elements: B, 0.10 mes; Cu, 0.01 me; Fe, 0.05 mg; 
Mn, 0.01 mes Moy, 0.01 mesi-2n) 0.070 mer. 
Distilled water to make 1 liter. 


imitial .pH 4,2 


Modification: (1) 10 gm amounts of carbon sources 
substituted for glucose. 
(2) equivalent amount of nitrogen source as 
L-asparagine or DL-asparagine substituted 
for glutamic acid, 


(3) initial pH after sterilization ay 25 30 


Nobles' Malt Agar 
(Nobles, 1948) 
Difco Bacto malt extract 12es Det 
Ditco pacto-agar 20.0 gm 


Distilled water 1000.0 ml 
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